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SOMMAIRE 
Cette thèse présente la conception, la synthèse et l'étude photophysique de divers dérivés 
d'azophénine comme modèles structurels mono-bloc pour l'éméraledine qui est une forme de 
polyaniline à valence mixte. L'azophénine est une molécule conjuguée en forme d'étoile contenant 
à la fois des résidus de quinone diimine et de phénylamine tous deux contenus dans l'émeraldine. 
Cependant l'azophénine et l'émeraldine sont tout deux reconnus pour ne pas être émissifs. Le défi 
était alors de donner des propriétés d’émissions à l'azophénine à température ambiante avant toute 
investigation photophysique. L'objectif à long terme étant de rendre la polyaniline, connu pour être 
peu dispendieuse, attractive en tant que matériau donneur efficace dans une cellule solaire de type 
« bulk-heterojunction ». En raison des problèmes de faible solubilité des polymères, l'utilisation 
de modèles beaucoup plus soluble est une nécessité. Les modifications structurelles considérées 
comprennent l'ancrage des fonctions pontées d'éthynyle en position para- des quatre groupes 
phényls d'azophénine. Ces fonctions sont des groupes aromatiques encombrés de type truxène, des 
composés organométalliques trans-bis(trialkylphosphine) platine(II), des colorants de porphyrines 
de zinc(II) et de Bodipy. Elles présentent toutes une fluorescence ou une phosphorescence, signal 
pouvant être utilisé pour mesurer les interactions électroniques entre ces groupements et le noyau 
central. Leurs propriétés photophysiques sont étudiées en détail en utilisant la spectroscopie 
d'absorption et d'émission UV-Visible stationnaire et ultra-rapide résolue dans le temps. La DFT 
et la TDDFT sont également utilisés pour les optimisations des géométries (DFT) et pour 
déterminer la nature et les positions de l'absorption de la bande de transfert de charge (TDDFT). 
Le chapitre 2 présente la synthèse et la caractérisation d'un dérivé en étoile d'azophénine autour 
d’un noyeau truxène appelé TertTruQ. Le couplage de résidus encombrés de truxène avec de 
l'azophénine a amélioré l'activité photophysique du premier niveau singulet de ce dérivé à 77 K. 
Les hypothèses étant que le taux de désactivation non radiatif a diminué les rotations autour des 
axes des liaisons C-N en raison de la taille du truxène. De plus, cette nouvelle azophénine 
substituée s'est révélée être fluorescente à l'état solide à température ambiante. En raison de ces 
nouvelles observations, les propriétés d'émission des dérivés de l’éméraldine sont réexaminées. 
Une fluorescence faible à ~ 780 nm à 77 K, confirmée par le spectre d'excitation, a démontré la 
présence d'une faible émission de type fluorescence CT dans le proche-IR pour TertTruQ. Nous 
pouvons en conclure que l'azophénine fournit un modèle utile pour identifier quelle modification 
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structurelle simple peut être effectuée pour rendre l’éméraldine émissive, si possible à température 
ambiante. De plus, lorsqu'une espèce non luminescente devient émissive, ce changement 
s'accompagne d'une augmentation de sa durée de vie à l’état excitée, propriétés recherchées pour 
des applications dans le domaine des cellules solaires. Ce travail a été publié dans Physical 
Chemistry Chemical Physics, 2017, 19, 21532-21539. 
Le chapitre 3 décrit la synthèse et la caractérisation des azophénines contenant du trans-
bis(trialkylphosphine)diéthynyl-platine(II) formant les dérivés di- et tétra-substitués DiTruPtQ et 
TertTruPtQ. Les deux complexes présentent une fluorescence et une phosphorescence des "bras" 
organométalliques à 298 K en solution. En outre, l'effet d'atome lourd du platine permet d'explorer 
les propriétés de l’état triplet de l'azophénine. Cependant, la phosphorescence recherchée de l'état 
triplet CT n'a pas été considérée probablement en raison des processus rapides non radiatifs. Ce 
travail a été publié dans Organometallics, 2017, 36(3), 572-581. 
Le chapitre 4 présente l'effet du remplacement des ions H+ labiles sur le fragment HN^N par des 
fragments BF2
+ pour former des cycles, fournissant ainsi un cadre plus rigide pour l'azophénine. 
En effet, la fluorescence CT proche-IR a été observée à 298 et 77 K. Cependant, malgré la présence 
de Pt dans les groupes pendants, aucune phosphorescence n'a été détectée. Les calculs de DFT ont 
suggéré que l'état triplet de plus faible énergie était très faible (0,975 eV (BQ) et 0,84 eV 
(TertPtBQ)) induisant une plus grande probabilité de processus non radiatifs, depeuplant ainsi 
efficacement l'état triplet. Ce travail a été accepté à Inorganic Chemistry, 2017. 
Le chapitre 5 présente les colorants fluorescents de porphyrine de zinc(II) et BODIPY bien connus, 
qui ont été liés à l'azophénine pour former DiBodipyQ, TertBodipyQ et PorBodipyQ. Le spectre 
d'absorption des BODIPY se situe dans une gamme où la porphyrine n'absorbe pas beaucoup. 
Ainsi, la combinaison de ces deux chromophores avec la formation d'une bande de CT faible 
permet d'améliorer la collecte du rayonnement solaire. Par conséquent, il était important de vérifier 
que l'énergie collectée pourrait facilement être transférée d'un chromophore à l'autre. En effet, on 
a observé 1BODIPY * → 1porphyrine zinc(II) et 1BODIPY * → 1CT (azophénine) avec une 
désactivation efficace de 1porphyrine zinc(II) ~~> 1CT (azophénine). Ce travail a été soumis à 
Chemistry: A European Journal. 
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ABSTRACT 
This thesis presents the design, synthesis and photophysical investigation of various azophenine 
derivatives as “one unit” structural models for emeraldine, a mixed-valence form of polyaniline. 
Azophenine is a star-shaped cross-conjugated molecule containing both quinone diimine and 
phenyl amine residues included in emeraldine but both, azophenine and emeraldine, are reported 
notoriously non-emissive. The challenge was to render azophenine emissive at room temperature 
prior any photophysical investigation. The long-term objective is to render polyaniline, in one form 
or the other, useful in bulk heterojunction solar cell in the active layer as it is not expensive. 
Because of solubility issues, the use of models becomes very appealing. The considered structural 
modifications include the anchoring of ethynyl-bridged functions at the para-position of the four 
phenyl groups of azophenine. These functions are the bulky truxene aromatic, the organometallic 
trans-bis(trialkylphosphine)platinum(II) pendent groups, and zinc(II)porphyrin and BODIPY dyes. 
All these functions exhibit fluorescence or phosphorescence, signal that can be used to monitor 
any electronic interaction between these pendent groups and the central core. Their photophysical 
properties were investigated in detail using steady-state and ultrafast time-resolved UV-vis 
absorption and emission spectroscopy. DFT and TDDFT were also employed for geometry 
optimizations (DFT) and nature and positions of the CT absorption (TDDFT). 
Chapter 2 introduces the synthesis and characterization of a truxene-based star-shaped azophenine 
derivative called TertTruQ. The coupling of bulky truxene residues with azophenine improved 
the photophysical activity of the lowest energy singlet excited state (i.e. CT state) of this derivative 
at 77 K. Speculations are that the rate for non-radiative deactivation, namely internal conversion, 
decreased upon slowing down the rotations around the N-C bonds due to the size of truxene. 
Moreover, this new substituted azophenine turned out to be fluorescent in the solid state at room 
temperature. Because of these interesting new observations, the emission properties of emeraldine 
base form were re-examined. A weak fluorescence at ~780 nm at 77 K, confirmed by the excitation 
spectrum, demonstrated the presence a CT near-IR fluorescence for TertTruQ. Thus, azophenine 
provides a useful model to identify what simple structural modification that can be performed to 
render emeraline emissive, if possible at room temperature. Again, when a non-luminescent 
species becomes emissive, this change is accompanied by an increase of its excited state lifetime. 
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Longer excited state lifetimes are more prone to solar cell applications. This work has been  
published in Physical Chemistry Chemical Physics, 2017.  
Chapter 3 describes the synthesis and characterization of trans-bis(trialkylphosphine)diethynyl-
platinum(II)-containing azophenines forming the di- and tetra-substituted derivatives DiTruPtQ 
and TertTruPtQ. Both complexes exhibit fluorescence and phosphorescence of the 
organometallic “arms” at 298 K in fluid solution. Moreover, the heavy atom effect of platinum 
gave the possibility of exploring the triplet state properties of azophenine. However, the sought 
phosphorescence from the triplet CT state was not seen most presumably due to the fast non-
radiative processes. This work has been published in Organometallics, 2017, 36(3), 572-581.  
Chapter 4 presents the effect of the replacement of the labile H+ ions on the HN^N moiety by BF2
+ 
fragments to form cycles thus providing a more rigid framework for azophenine. Indeed, the CT 
near-IR fluorescence was observed both at 298 and 77 K. However, despite the presence of Pt in 
the pendent groups, no phosphorescence was detected. DFT computations suggested that the low-
lying triplet state was very low (0.975 (BQ) and 0.84 eV) inducing a higher probability of non-
radiative processes thus efficiently depleting the triplet state. This work has been submitted to 
Inorganice Chemistry. 
Chapter 5 introduces the well-known BODIPY and zinc(II)porphyrin fluorescent dyes, which were 
linked to azophenine to form DiBodipyQ, TertBodipyQ and PorBodipyQ. The absorption 
spectrum of Bodipy lies in a range where porphyrin does not absorb very much. So, the 
combination of these two chromophores along with the formation of a low-lying CT band 
improves the light collection of the solar radiation. Consequently, it was important to verify that 
the collected energy could easily transferred from one chromophore to another. Indeed, the 
1Bodipy* → 1zinc(II)porphyrin and 1Bodipy* → 1CT(azophenine) were observed along with an 
efficient deactivation from 1zinc(II)porphyrin ~~> 1CT(azophenine).  
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INTRODUCTION 
Ⅰ.1 Background Information 
To address the issues of energy crisis and environmental pollution, solar energy has been regarded 
as one of the most promising renewable source owning to its major benefit over other conventional 
power generators which can be directly harvested into electrical energy with the use of 
photovoltaic (PV) solar cells.1-3 So far, inorganic solar cells, such as conventional silicon solar 
cells still have the recorded power conversion efficiency approaching to the record limits of about 
24.7%4 and have been the front runners in the consumer market of solar cell technology. However, 
the fabrication processes of inorganic solar cells are complex which make them expensive. 
Moreover, inorganic solar cells are rigid and cannot be industrially fabricated in large sizes due to 
the limitation of the silicon wafer processing technology. Comparing to the traditional inorganic 
solar cells, organic photovoltaic cells (OPV) based on thin film polymers, small molecules are 
promising alternative candidates for inorganic solar cells.  
 
Figure 1. Illustration of the structure and working principle for bulk heterojunction (BHJ) solar 
cell.5  
Generally, OPVs can be categorized into two types: polymer solar cells and small-molecule solar 
cells. Figure 1.1 illustrates the structure (Figure 1a) and working principle (Figure 1b) for bulk 
heterojunction (BHJ) solar cell5. A general process for the OPVs are as following: 1. A photon 
irradiates on the absorptive layer and excites an electron from the highest occupied molecule 
orbital (HOMO) to the lowest unoccupied molecule orbital (LUMO), creating an exciton; 2. The 
exciton is subsequently diffused to the interface of the donor-acceptor; 3. Charge separation at the 
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interface; 4. The anode collects holes and the cathode receives electrons. Historically, conjugated 
polymers have represented the main type of material used in OPV owning to their better conversion 
efficiency, very simple and cost-efficient techniques, such as spin coating and printing, than small-
molecule solar cells. On the other hand, small molecules are alternatives to polymers in many cases, 
for example, the best small molecules (e.g. pentacene and its derivatives) can give hole mobility 
in the range of 1-20 cm2 V-1 s-1, at least an order of magnitude more than that of the best polymer 
materials.6-7 Besides, small molecules have well-defined molecule structures, thus they have 
precise HOMO and LUMO energy levels and these physical properties are completely 
reproducible between product batches.  
Well-defined and monodisperse oligomers can be considered as an intermediate of conjugated 
small molecules and polymers, and own both features of them, such as good solubility, excellent 
film-forming properties, precise HOMO/LUMO energy levels and high thermal stability. More 
especially, the precise structures of the materials make it easier to understand and establish the 
structure-property relationships. Generally, most -conjugated polymers and oligomers are one 
dimensional (1D) chains. The advantage for 1D chains is their -orbital delocalisation occurs along 
the chain facilitating efficient movement of charge carriers and excitons through the backbone. On 
the other hand, studies have shown that for organic semiconductors, the intrachain charge transport 
rates are significantly higher than that of interchain transport. Therefore, the latter is the limiting 
factor for the overall material conductivity. Interchain charge transport between polymer chains 
results from the “hopping” of charge carriers. This process is amplified by high interchain 
coherence and can be achieved in well-ordered polymer films. However, conjugated polymers 
prepared by most of methods just provide disordered morphology, resulting in limited “hopping” 
and, consequently, conductivity. Thus, it should be reasonable to utilize the 2D or 3D structure to 
substitute the 1D chain. Such a structure is found in star-shaped conjugated oligomers and 
polymers.  
Star-shaped or dendritic conjugated macromolecules are ones sharing a common central unit with 
three or more conjugated arms linking with the core. Their electronic properties and other 
characteristics (e.g. supramolecular organisation, morphology of the materials on bulk and 
nanoscale levels) often differ significantly from those of the ‘arms’ as isolated and independent 
molecules. Particularly, the neighboring arms between non-conjugated and conjugated links 
3 
 
through the core can give rise to intramolecular interactions. Their different structures can be 
extended to two or three dimensions (2D and 3D) and the degree of intermolecular interactions 
can be changed substantially. Moreover, the polydispersity of conjugated polymers was found to 
play an important role in optoelectronic applications. Polydispersity influences charge balancing, 
the choice of electrode materials and the morphologies of fabricated layers. Therefore, control of 
uniformity and dispersity of the molecular weight in these systems becomes crucial. Star-shaped 
cross-conjugated molecules are monodispersed, well-defined, discrete molecules with synthetic 
reproducibility as well as high purity and excellent solubility in common organic solvents. They 
maintain many of the features of plastic materials (good film-forming properties, thermal stability, 
and flexibility) and
 are thus extremely attractive alternatives to conjugated polymers. 
I.1.1 Structures of Cores for Star-shaped Molecules 
The properties of star-shaped cross-conjugated molecules (abbreviation as star-shaped molecules) 
may be controlled through the selection of the core and attached arms. The latter often consist of 
units typically present in linear oligomers and polymers, such as thiophene, furan, pyrrole, 
carbazole, phenyl, fluorene. Moieties consisting of the cores typically contain benzene, 1,3,5-
triazines, truxene, and heteroatoms such as nitrogen, boron, silicon (Figure 2).8 
 
Figure 2. Illustration of symmetry of the commonly used core structures.  
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Depending on the arrangement of the bonds between the arms and the core, star-shaped molecules 
can possess different shapes. A flat, inflexible core generally offers an overall 2D geometry when 
the arms are rigid-rod structures, while non-planar cores supply a 3D architecture. For star-shaped 
molecules, the core not only controls the shape of the molecules but it also defines the symmetry 
of molecules, with the whole molecule’s point group following the subgroup of the core’s 
symmetry. Some of the core structures used in the design of star-shaped molecules are listed in 
Figure 2, along with their symmetry point groups. Especially, star-shaped molecules owning four 
branches with the core having symmetry of D2h provide cross-conjugation of the spokes by 
different pathways through the core which facilitates electronic communication between the 
branches (as shown in the Figure 2). Such type of cross-conjugation supplies an additional way of 
adjusting the band gap of the materials or increasing the dimensionality of the donor-acceptor 
interactions.8 
Furthermore, the selection of the central core has great effect on the photophysical properties, 
morphology and localization of charge carriers.9 For example, molecules with a nitrogen core have 
a very fast energy transfer between branches on a 30 fs time scale and subsequent localisation on 
one branch, while the molecules with benzene, carbon and adamantine cores show much slower 
depolarisation indicating that excitation localises quickly on one branch and subsequently transfers 
to other branches via a Förster mechanism.10-15  
 
Figure 3. Illustration of molecular models investigated by Dunsch L.et al9. 
Dunsch L.et al. investigated a serials of 2-diarylaminothiophene-based star-shaped compounds 
with a triphenylamino-, benzene-, and 1,3,5-triphenylbenzene moiety as the core, respectively, for 
hole transport materials (Figure 3). Although these molecules are structurally related, their 
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electrochemical properties differ depending on the central moiety. The number of reversible 
voltammetric peaks is diminished upon changing the central triphenylamino moiety of the star-
shaped molecule to a central benzene or 1,3,5-triphenylbenzene moiety. The simultaneous multiple 
electron transfer as well as the location of the spins on the core moieties was detected in the 
oxidation of the 1,3,5-triphenylbenzene based star-shaped compound. The stability of the charged 
states increased substantially upon the incorporation of a thiophene moiety between the central 
moieties and the side groups.9 
I.1.2 Synthetic Strategies for Star-shaped Molecules 
For the synthesis of star-shaped molecules, there are basically two synthetic strategies named 
divergent and convergent approaches (Figure 4). Both adopt synthetic methodologies that are 
commonly used in the synthesis of linear -conjugated oligomers and polymers (i.e. Pd (0) 
catalysed coupling reactions). The difference lies on that, for divergent approach, the branches are 
prolonged by coupling the arm monomer unites to the core step by step, while for convergent 
approaches, the branches are fabricated in advance terminated with partial fragments of the core 
which can be assembled together at last or simply the branches that are fabricated in advance can 
couple with the core directly.  
 
Figure 4. Illustration of divergent and convergent approaches for the synthesis of star-shaped 
oligomers. 
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For the divergent approach, it is difficult to synthesize star-shaped molecules with branches 
consisting of large repeating monomer units due to the difficulty of their separation from the target 
molecules from the ones that just partially reacted. Generally, the convergent strategy is a more 
popular method for the synthesis of star-shaped conjugated molecules. Synthetically, the protocols 
for the preparation of various arms of different lengths are the same as those used in the synthesis 
of linear oligomers. 
I.1.3 Star-shaped Molecules Versus Linear Counterparts 
So far, there are hundreds of different star-shaped molecules that have been synthesized and 
investigated adopting different cores and branched molecules for various applications, such as 
organic field-effect transistor (OFET)16-19, organic light-emitting diode (OLED)20-24, solar cells25-
30 and so on. Some of them show promising properties. However, in order to clearly and fully 
demonstrate the values of star-shaped conjugated molecules, a comparison with their linear 
counterpart is necessary.  
I.1.3.1 Morphology 
The greatest interest in star-shaped molecules originates from their enhanced control of 
morphology by choosing the appropriate core and conjugated arms compared to polymers. Some 
star-shaped molecules form amorphous materials, while others form either crystals or liquid 
crystals due to their π-stacking tendency. This property is an alternative by selecting a suitable 
core moiety to prevent or enhance molecular aggregation. For example, the molecules shown in 
Figure 5 have flat cores and they have the tendency to form discotic liquid crystals compared to 
their linear analogues.31-39 In contrast, molecules possessing a sp3-hybridized carbon core and 
sufficiently long arms that make crystalline packing unfavorable are less prone to aggregation, 
compared to their linear counterparts. Thus, the stable amorphous phase is obtained40-42. Besides, 
studies showed that star-shaped molecules can induce a higher thermal stability relative to their 
linear counterparts due to their increased difficulty of molecular packing.40, 43 Meanwhile, the 
aggregative properties of naphthalimide-fused pyrazinacenes do not differ significantly between 
linear- and star-shaped molecules. This is the case that extended large π-surface has similar 
aggregation and self-assembly properties for both systems44. 
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Figure 5. Selected star-shaped molecules prone to form discotic liquid crystals. 
I.1.3.2 Photophysical Properties and Their Applications for Solar Cells 
Depending on the core used that may extend or interrupt conjugation with the arms, star-shaped 
molecules show both hypsochromic or bathochromic shifts comparing to their linear 
counterparts.40, 43, 45-47 Besides, the luminescence quantum yields also vary with increasing 
dimensionality from linear molecules to star-shaped molecules, depending on the molecular 
structure.40, 43, 48-49 For example, a 3D pyrene derivatives assembled on a tetraphenylethane 
skeleton show a 45% increase in the fluorescence quantum yield compared to their monomeric 
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species, even though their emission spectrum shape were similiar. The increases were ascribed to 
the constraints of the molecule structure which could prevent the intramolecular fluorescence 
quenching and nonradiative decay.50 Another example comes from a significant enhancement of 
photoluminescence quantum yields from linear (2%) to the star-shaped oligofluorenes (98%) with 
tetraarylmethane/silane cores in the solid state. The enhancement of photoluminescence in the 
solid state is ascribed to the non-aggregating qualities of the tetrahedral 3D structures.40 Besides, 
theory and experiments reveal that transition dipole moments for absorption and emission of star-
shaped molecules assembled from oligofluorenes are larger than their corresponding linear 
analogues due to the more efficient conjugation between the oligofluorene arms and the 
benzene/truxene core. Furthermore, the generation of excitons takes place across the entire given 
molecule, whereas emission is localized on a single arm, according to quantum calculations 
(Figure 6).51 
 
Figure 6. Visualization of the calculated change in electron density for the molecule in absorption 
(left) and emission (right), modified from reference 51.51  
Spano, F. C. and coauthors compared the photophysical properties of star-shaped vs linear perylene 
diimide (PDI) complexes theoretically and experimentally (Figure 7). It shows that the “head-to-
tail” linear complexes display classic J-aggregate behavior (the spectrum of which has a 
bathochromic shift), while the star-shaped complexes display a unique photophysical response, 
which is neither J- nor H-like (the spectrum of which has a hypsochromic shift). Besides, for the 
symmetric N-mers (N represents the number of PDI, N = 2-4), the absorption and emission are 
polarized along N-1 directions in contrast to linear complexes where absorption and emission 
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remain polarized along the long molecular axis. Moreover, the radiative decay rate scales with N 
in linear complexes and scales with N/(N-1) in the symmetric complexes. Besides, owning to the 
geometry of linear chromophores which are more prone to crystallization that makes absorption a 
strong function of the angle between the electric field vector and the crystal axes, star-shaped 
molecules often resist crystallization and easily form largely amorphous films. Thus, such films 
would not require solar tracking, in contrast to crystalline films. Therefore, comparing linear vs 
star-shaped chromophores as light harvesters in solar cell applications, star-shaped molecules have 
significant advantages over their linear counterparts suggested by Spano, F. C. and coauthors.52 
 
Figure 7.  Illustration of molecular models investigated by Spano, F. C. and coauthors.52 
Numerous reports have demonstrated that star-shaped molecules exhibit qualities different from 
their linear analogues. This is due to their tendency to self-assemble into ordered domains, which 
results in superior levels of crystallinity to fulfill very stringent morphology requirements for high 
charge-carrier mobility. Tu, G. L. and coauthors reported a spiro-fluorene based 3D star-shaped 
donor SF8TBT (Figure 8) exhibited much higher fill factors (FFs) and short circuit current density 
(Jsc) than the corresponding 1D linear small molecule (LF8TBT), which leads to dramatically 
improved power conversion efficiencies (PCEs) from 1.69% to 4.82%.53  
Based on a -conjugated system in which three linear oligothiphene chains are linked to a central 
planar and rigid trithienobenzene core (Figure 9, 1), Roncali, J. et al.25, 54 constructed the solar  
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Figure 8. Illustration of molecular structures of SF8TBT and LF8TBT. 
cell with 1 as the donor and hole-transport layer and N, N -´bistridecylperylenedi-carboxyimide 
(Figure 9, 3) as the acceptor and electron-transport layer. The comparison of
 the absorption spectra 
of 1 and its linear reference compound 2 in solution showed bathochromic shift from 379 nm for 
2 to 405 nm for 1, indicating a significant enhancement of -electron delocalization. This 
phenomenon is associated with a decrease of the highest occupied-lowest unoccupied molecular 
orbital (HOMO-LUMO) gap originating from the combined effect of planarization and 
rigidification of the central core. Furthermore, 2 adopted a vertical orientation onto the surface of 
the substrate while 1 adopted a preferential horizontal orientation and the absorbance of the film 
of 1 at λmax is three times larger than that of 2, the efficiency of the cell for 1 approached to 1%, 
much larger than that of 2 with a value below 0.05%. 
 
Figure 9. Illustration of molecular structures used by Roncali, J. et al. 9a, 20 
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Besides, Roncali, J. et al. also investigated the three-dimensional tetra(oligothienyl)silanes (Figure 
10) as donor material for organic solar cells.28 Comparison of the performances of these devices 
to those of a reference system based on dihexylterthienyl (H3T) indicates that despite comparable 
effective conjugation lengths, the 3D compounds 1 and 2 lead to a power conversion efficiency 
four to five times higher, which suggests a better absorption of the incident light and better hole 
transport properties.  
 
Figure 10. Illustration of molecular structures used by Roncali, J, et al.28 
Li Y. F, et al.55 compared four triphenylamine (TPA)-containing organic molecules for bulk-
heterojunction organic solar cell with PC70BM as the acceptor (Figure 11). The donor molecules 
possess the D-A structure with TPA as the donor unit and benzothiadiazole (BT) as the acceptor 
unit. In solution, the maximum molar absorbance values of TPA-BT, b-TPA-BT and t-TPA-BT 
for the visible absorption band are 2.11 × 104, 5.69 × 104 and 7.47 × 104, respectively. The OPV 
performance based on TPA-BT, b-TPA-BT, t-TPA-BT with different spatial configurations 
display power conversion efficiencies of 1.33%, 2.33% and 3.14%, respectively. The results 
suggest that the spatial configuration of the molecules could influence the photovoltaic properties 
significantly and the star-shaped molecules are better candidates comparing to the linear and two-
armed molecules for OPV.  Another TPA-BT based molecule, S(TPA-BT), which has the similar 
structure with b-TPA-BT, except for the extension of another ethylene double bond bridge 
between the TPA core and BT units also provides the same feature of the star-shaped molecules 
over linear-shaped molecules.56 
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Figure 11. Illustration of molecular structures of t-TPA-BT, b-TPA-BT, TPA-BT and S(TPA-
BT). 
Another example providing the same features of the star-shaped molecules over linear-shaped 
molecules comes from the investigation of Chen. Y. S et al (Figure 12).57-58 With the alkoxy-
substituted benzo[1,2-b:4,5-b′]dithiophene (BDT) unit as the π-conjugated donor, terthiophene 
units as the spacer and ethylrhodanine dye unit as the acceptor, they constructed a serials of BDT-
contained BHJ solar cell and found that the substitution of linear fused benzobithiophene cores by 
thiophene or bithiophene moieties could lead to star-shaped branched molecules with extended 
conjugation which can increase the power conversion efficiency from 7.38% for DR3TBDT to 
8.12% for DR3TBDTT. In this molecule, the addition of two thiophene or bithiophene arms to 
the linear chain at the central core unit results in an extended cross-conjugation effect which could 
provide a strong intramolecular charge transfer and broad absorption. 
The increasing interest in star-shaped molecules due to its higher solubility and better film-forming 
properties have been attracting progressively focus concerning the use of these materials in 
optoelectronic and photovoltaic devices. Studies of electrochemical, nonlinear optical, and other 
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important properties of star-shaped molecules have shown that star-shaped molecules are an 
interesting alternative to their linear analogues. 
 
Figure 12. Illustration of molecular structures of DR3TBDT, DR3TBDT2T and DR3TBDTT. 
I.2 Quinonoid Molecules  
Quinonoid molecules, defined as the structures having a 6-memered carbon-ring nucleus 
containing two double bonds within the nucleus and two external double bonds attached 
to the nucleus either at ortho or para positions, have been investigated for decades owing 
for their applications in organic and physical chemistry and could potentially act as bridging 
ligands in coordination and supramolecular chemistry.59 For example, bi-chelating-2, 5-
dihydroxy/diamino-1, 4-benzoquinone ligand (Figure 13A, B), which combines a ligand-based 
and metal-based redox activity, has been widely utilized to prepare numerous binuclear metal 
complexes possessing specific electronic properties induced by the extended conjugated π-system 
of the ligands.60-69 Moreover, the coordination chemistry of the nitrogen-based analogues, 2,5- 
diamino-1, 4-benzoquinonediimines (DabqdiH2) also attract increased interest owning for their 
allowing for further electronic fine-tuning respect of the NR group that should not only directly 
affect the metal coordination, but also allow variations of the R substituents and provides suitable 
overlap between the nitrogen and metal orbitals.70 
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Figure 13. Selected structural examples of bridging bis-chelating quinonoid ligands. 
I.2.1 DabqdiH2 and Azophenine  
DabqdiH2 belongs to the nitrogen-based analogues of quinonoid molecules which constitutes of 
two chemically connected but electronically not conjugated 6π-electron subunits (Figure 13C). 
Azophenine (ap) (Figure 13D) is a long-known nitrogen-based dabqdiH2, which R is a phenyl 
group. It has been synthesized as early as 1875.71 Unlike its oxygen analogues 2,5-dihydroxy-1, 
4-benzoquinones that have been widely used as a chelating and bridging ligands, the coordination 
chemistry of azophenine was largely ignored for a long time until 1998 when its first coordinated 
complex was synthesized by treatment of azophenine with [Cu(PPh3)4](BF4) in acetone or 
dichloromethane to get the mononuclear complex [Cu(PPh3)2(azophenine)](BF4) rather than a bi-  
 
Figure 14. Illustration of synthesis of [Cu(PPh3)2(azophenine)](BF4) from azophenine. 
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nuclear compound even by reaction of azophenine with two equivalents of [Cu(PPh3)4](BF4) 
(Figure 14).72 Interestingly, [Cu(PPh3)2(azophenine)](BF4) exhibits an isomerization from the 
usually more stable para-quinonediimine state to the higher energy ortho form allowing the 
formation of a chelate complex between the  electron-rich metal and a strongle -accepting o-
quinonediimine ligand which results in the occurrence of a metal-to-ligand charge transfer (MLCT) 
absorption band at 525 nm. 
In 2000, the first dinuclear complex of dabqdiH2 was synthesized from the reaction of Pt(II) and 
tBuCH2dabqdiH2, which exhibits a delocalization of the -electrons over the two N–C–C–C–N 
moieties and a formation of -backbonding from the Pt orbitals into the orbital of the 
quinonediimine.70 
 
Figure 15.  Illustration of protonation reactions of dabqdiH2 with HCl. The photo shows the color 
changes resulting from mono- and diprotonation of compound dabqdiH2.
73-74  
Subsequently, mononuclear W(IV) and Re(I) complexes, binuclear Li+, Na+, Ni(II), Pd(II), Pt(II), 
Cu(II), Zn(II) and Sn(II) complexes, and a tetranuclear Pd(II) complex with RdabqdiH2 have also 
been obtained.75-82 Of them, some dinuclear Ni(II) and Cu(II) complexes showed catalytic activity 
for the oligomerization of olefins in the presence of a co-catalyst77, 80, while tBuCH2dabqdiH2 was 
found to be a pH-dependent chromophore changing its color depending on the degree of 
protonation, and provides mono- and diprotonated species, tBuCH2dabqdiH3
+ and 
tBuCH2dabqdiH4
2+, respectively73-74 (Figure 15). More recently, a one-electron reduced dinuclear 
Fe(II) complex with ApH2 exhibited the strongest magnetic exchange coupling ever observed in a 
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single-molecule magnet.83 The hydrogen-tautomerization of the diaminobenzo-quinonediimine 
moiety from the para configuration to a meta one takes place in ApH2, and this phenomenon may 
be applied to molecular switches.84 Figure 16 shows the selected coordination compounds of 
azophenine and its derivatives. 
 
Figure 16. Illustration of selected coordination compounds of azophenine and its derivatives. 
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I.2.2 Double Proton Shift in Azophenine 
Proton transfer (PT) reactions are one of the most fundamental reactions and play important roles 
in chemistry and biology occurring within inter-molecules and intra-molecules. It usually occurs 
in the molecules possessing an intermolecular hydrogen bond which can form a five- or six- 
membered ring with fragments participating in the keto-enol/imine-amine tautomerization 
reaction. In most cases, these tautomer species possess a drastically different electron density 
distribution compared to the normal form. Subsequently, the radiative decay of the PT tautomer 
fluoresces with an abnormally big Stoke-shift. Besides, the PT reaction usually has a small 
energy barrier, and is even barrier free, so it is extremely ultrafast, i.e. in the femtosecond time 
scale. This allows it to successfully compete with other deactivation pathways of the electronically 
excited state, including the radiative processes. 
Compared the single proton transfer reaction, the double-proton transfer (DPT) reaction receives 
particular attention due to the complicated proton transfer processes which could mimic the PT 
process in biology. In the DPT process, two kinds of proton transfer mechanism could be derived:  
stepwise and concerted mechanisms. For the stepwise mechanism, the protons transfer 
sequentially, forming an intermediate state. Whereas in the concerted mechanism, two protons 
transfer simultaneously, without forming any intermediate. So far, both intra and inter-molecular 
DPT processes follow with both the concerted or stepwise mechanisms and they are still a hot 
topic. 
 
Figure 17. Illustration of the stepwise and concerted tautomerization pathways and their relative 
reaction energy diagrams of azophenine.85  
18 
 
Investigation of the PT behavior of azophenine was done as early as 1982, based on deuterium 
isotope effects and kinetic on the rearrangement of azophenine, Limbach and coworkers initially 
suggested that both hydrogens of azophenine shift simultaneously in a single concerted step, 
namely [1]→[4]*→[1], via a symmetrical transition state by vibrationally assisted tunneling from 
the first excited state corresponding to a N-H stretching vibration.85 However, Dewar and Merz 
disagreed this mechanism, with the help of AM1 calculations. They suggested a successive two-
step single proton transfer mechanism to explain this classical tautomerization, namely [1]→[3]*
→[2]→[3]**→[1] (Figure 17).86 Subsequently, Holloway and Reynolds also identified that the 
two-step mechanism was more favorable than the concerted mechanism based on the ab initio 
calculations.87 
Accordingly, Rumpel and Limbach in 1989 also investigated the DPT in azophenine utilizing the 
dynamic NMR spectroscopy and concluded that the formation of the strongly solvated zwitterion 
(stepwise process) was improbable since the rates were found to be solvent independent. Besides, 
they speculated if tunneling was involved in the DPT, it must proceed from the excited vibrational 
levels located below the barrier of proton transfer.88 With the help of scanning tunneling 
microscope (STM), Renald and coworkers manipulated the azophenine as molecular switchers 
with H-tautomerization (Figure 18).84 They found that the activation energy for the H- 
tautomerization was 0.35V and the switching processes involved two states, rather than four. This 
confirmed that the observed behavior is due to a two-step PT from the amine to the imine 
functional constituent groups.  
 
Figure 18. Illustration of molecular switching in azophenine via H-tautomerization. A. Current-
voltage characteristics for AP. B. STM images of neighboring azophenine molecules (I = 1.00 nA, 
V = -0.19 V). The marked point in each image shows the site of a -0.35 V pulse to switch the 
molecule, and the next image in the sequence displays the outcome of the manipulation.  
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I.2.3 Synthesis Strategies of Azophenine and the Derivatives 
So far, various procedures have been developed for the synthesis of azophenine and its derivatives. 
The earlier methods were tedious requiring the separation of mixtures and corresponding low yield. 
For example, the peroxidase oxidation of a mixture of amine as well as by the periodic acid 
oxidation of aniline gave azophenine in 1% yield when preparing azophenine by oxidizing N, N’-
diphenyl-p-phenylenediamine with highly toxic mercury ().89 Nowadays, the common multi-step 
synthesis strategy used for azophenine and its deriatives mainly include the condensation of 
tetraaminobenzene with an appropriate acyl chloride in MeCN in the presence of excess NEt3
73. 
The Buchwald-Hartwig coupling reaction83 and the condensation of quinone or N,N'-
diphenylquinone diimine with aniline catalyzed with Lewis acid (Figure 19) are also used84.  
 
Figure 19. Illustration of different synthetic strategies of azophenine. 
For the methods listed in Figure 19A, B and C, azophenine and its derivatives with four identical 
groups are the only possible products. Conversely, method D can provide azophenine derivatives 
with two identical substitutes different from the other two. Firstly, Abdelhameed and coworkers 
reported azophenine derivatives with alkynyl groups which provide the possibility for the further 
functionalization of azophenine.90 Inspired by the dehydrative cyclization of diamino and diimino 
with para-pormaldehyde, Boydston and coworkers adopted a new strategy. They used para-
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formaldehyde under acidic conditions followed by oxidation with catalytic amounts of Pd(OAc)2 
to afforded the respective benzobis(imidazolium) salts of azophenine derivatives in yields of 48–
98% (Figure 20).91 
 
Figure 20. Upper: The tautomer of dabqdiH2 with vicinal diamino and diimino fragments that are 
independently known for undergoing dehydrative cyclizations with paraformaldehyde; down: 
Conversion of dabqdiH2 to their respective benzobis(imidazolium) salts using a ‘one-pot’ 
cyclization/ oxidation reaction sequence. 
 
Figure 21. Illustration of synthesis of boron coordination compound with azophenine.  
For the synthesis of azophenine-based coordination compounds, the reactions are generally done 
in THF at room temperature or in refluxing toluene for the Ni, Pd, Cu complexes in the presence 
of a weak base, such as NEt3 (Figure 21).
92-94 For the alkali metal (Li, Na, K) complexes of 
azophenine-based coordination compounds, the synthesis is done with nBuLi for Li complexes 
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and freshly cut alkali metal (Na, K) are for Na and K complexes.77 For the synthesis of B and Ir 
coordination compounds with azophenine, strong bases, such as nBuLi are used.94 
I.3 Truxene, Porphyrin and Bodipy 
I.3.1 Truxene 
Truxene, a heptacyclic polyarene, could be considered as 2-dimensinal aromatics with C3-
symmetry. With the exceptional solubility, high thermal stability and the easily modified rigid-
conjugated structure, it has received considerable attention and shows potential applications in 
fields like photoluminescence95-97, self-assembled architectures98, cage structures99-101, bowl-
shaped fragments of fullerenes102, liquid crystals103-104, optical applications105, organic light-
emitting diodes106, solar cells107-108 and so on (Figure 22).  
Generally, truxene can be synthesized by the acid-catalyzed trimerization of 1-indaones or 3-
phenylpropionic acids that cyclizes to give 1-indaone (Figure 23). Because of its poor solubility, 
truxene could not be further purified by recrystallization or flash column chromatography after 
trimerization. Thus, alkyl chains are usually introduced at the C5, C10, and C15 positions under 
basic conditions for the application of truxene in organic electronic material and supramolecular 
organization which generally requires truxene with reasonable solubility in common solvents. 
Selected functionalization at the C2, C7 and C12 positions could provide mono-, bi- or tri-
functionalized truxene for constructing different molecules. 
 
Figure 22. Illustration of potential applications of truxene and selected C-numberings. 
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Figure 23. Illustration of the synthesis of truxene derivatives.  
I.3.2 Porphyrin 
Porphyrin is the member of heterocyclic macrocycle organic compounds, which is composed of 
four modified pyrrole subunits interconnected at their α carbon atoms via methine bridges (=CH−). 
The porphyrin ring structure is aromatic, with a total of 22 electrons in the conjugated system, but 
only 18 of them are delocalized according to the Hückel’s rule of aromaticity (4n+2 delocalized 
-electrons, where n = 4).109-110 Due to the very intense absorption bands (typically, the molar 
extinction coefficient, ε, is 440,000 cm-1/M at 419 nm and 18,900 cm-1/M at 515.0 nm for 
tetraarylporphyrins, TPP, Barnett, 1975111) in the visible region originating from the large 
conjugated system, porphyrins have attracted much attention because of their iniquitousness in 
natural systems and their prospective applications in mimicking enzymes112, catalytic reactions113-
115, photodynamic therapy116-117, molecular electronic devices118 and conversion of solar energy119-
120. Particularly, numerous artificial light-harvesting antenna, and donor acceptor dyads and triads 
based on porphyrin have been prepared and tested to improve our understanding of the 
photochemical aspect of natural photosynthesis.121-124 Especially, porphyrin-based dye-sensitized 
solar cells (DSSC) have gained a recorded value with 13% efficiency featuring the prototypical 
structure of donor-π-bridge-acceptor (Figure 24).119 
The typical electronic absorption spectrum of porphyrin species consists of a strong transition to 
the second excited state (S0→S2) in the 380-500 nm range (the Soret or B band) and weaker 
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features due to the first excited state (S0→S1) in the 500-750 nm range (the Q bands) as shown in 
Figure 25. Due to symmetry (D4h in metalloporphyrins vs D2h in free base porphyrins), the Q-bands 
manifest themselves either as respectively 2 (two degenerated excited states) and 4 (two non-
degeneraated excited states) peaks. The non-radiative relaxation from S2 to S1 (i.e. internal 
conversion) is very fast (fs-time scale) so strong fluorescence is only detected from S1 (ns-time 
scale), but does exclude the observation of a very weak fluorescence from the Soret band. The B 
and the Q bands both arise from π–π* transitions and can be explained by considering the four 
frontier orbitals (HOMO and LUMO orbitals) (the Gouterman four orbital model).125 
 
Figure 24. Structures of the two dyes reported by Michael Grätzel et al. exhibiting the record solar 
cell efficiency value in DSSC.119 
 
Figure 25. (a). Structure of the porphyrin core and its functionalization sites; (b). UV-Vis 
absorption and emission spectrum of TPP in toluene. 
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There are various synthesis strategies to prepare porphyrin species (Figure 26). The most used 
route involves a two-step one-flash acid catalyzed pyrrole aldehyde condensation and oxidation 
reaction in glassware at room temperature with a typical yield of 30-40%.126 
  
Figure 26. Two-step one-flask room temperature synthesis of meso-substituted porphyrins. 
I.3.4 Bodipy 
Bodipy, abbreviation for boron-dipyrromethene, is a class of fluorescent dyes, which is composed 
of dipyrromethene complexed with a disubstituted boron atom, typically a BF2 unit (Figure 27).
127 
Due to its relatively high photostability, neutral total charge, the relatively high molar absorption 
coefficients  () and fluorescence quantum yields , negligible triplet-state formation, narrow 
emission bandwidths with high peak intensities (as shown in Figure 27), good solubility, resistance 
towards self-aggregation in solution, excitation/emission wavelengths in the visible spectral region 
   
Figure 27. (a) Illustration of core structure of Bodipy and atom numbering. (b) Example of UV-
vis and fluorescence spectra of 1,3,5,7-tetramethyl-meso-phenyl-Bodipy in THF
128. 
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(≥500 nm) and fluorescence lifetimes in the nanosecond range, the bodipy dye has been 
considered a potential scaffold for functional fluorescent probe development.128-131 Besides, their 
fluorescence properties can be controlled by Forster resonance energy transfer (FRET) or photo-
induced electron transfer (PET).132-133 
Symmetric bodipys can be obtained from the condensation of two identical pyrrolic units and a 
carbonyl compound (aldehyde or acyl chloride) in a reaction catalyzed by a strong acid, which is 
commonly hydrobromic acid (HBr) or trifluoroacetic acid (TFA). The obtained dipyrromethane is 
then aromatized (commonly oxidized with chloranil or DDQ) resulting in a dipyrromethene (or 
dipyrrin) that is ultimately converted to the bodipy by complexation with a difluoroboryl unit in a 
base-catalyzed reaction with trifluoroboryl etherate (BF3·OEt2), classically using triethylamine 
(TEA). Non-meso-substituted bodipys can be obtained using two different pyrrolic units where 
one of them contains a carboxyaldehyde group at C2 position of the pyrrolic ring. The reaction is 
catalyzed by phosphoryl chloride and directly yields the dipyrrin, which is subsequently converted 
to bodipy by the same method discussed earlier (Figure 28). 
 
Figure 28. Illustration of the general approaches for the synthesis of Bodipy. 
I.3.5 Platinum(II) Acetylide Chromophores 
The platinum(II) acetylide chromophores have attracted much attention due to their excellent 
potential as nonlinear optic (NLO) components in optical power limiting (OPL) devices for use in 
the visible wavelength spectrum134-136 and as significant building blocks of some of the Pt-
containing polymers137-139. They are easily synthesized by reacting a terminal ethynyl group with 
L2PtCl2 (L is generally a phosphine) using an amine with or without a copper catalyst (Figure 29). 
Notably, the platinum(II) acetylide chromophores usually exhibit well-defined square planar 
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geometries both with cis/trans isomers, however, the trans geometry will provide linear rigid-rod 
complexes and cis geometry will give angular materials. 
 
Figure 29. Synthesis of mono- and di-substituted platinum(II) acetylide chromophores from 
(Bu3P)2PtCl2 under two different stoichiometric conditions. 
The σ-bond between a transition metal and carbon is generally thermodynamically and kinetically 
unstable. However appropriate ligands may stabilize the σ-bond, and the interaction between the 
dorbitals of the metal and the π-orbital of the ethynyl carbon can strengthen the metal-carbon 
bond.140  Besides, metal-acetylide complexes with tributylphosphine as ligands are air stable and 
highly soluble in a variety of organic solvents.  
I.3.6 Polyaniline (PANI)  
Polyaniline is one of the most studied conducting polymers due to its excellent electrochemical 
properties and tunable chemical structure.141 It can exist in many forms as showed in Figure 30.142 
Leucoemeraldine is the fully reduced state. Pernigraniline is the fully oxidized state with imine 
links rather than amine links. The emeraldine base is the partially-oxidized and partially-reduced 
state and is regarded as the most useful form of PANI due to its high stability at room 
temperature.143 Upon adding protons, one obtains the emeraldine salt and is the only form that is 
a conducting polymer. The reason lies on that when the non-conducting polymer is oxidized and 
one electron is removed, leaving a radical cation species which is known as a polaron, as shown 
in the emeraldine salt in Figure 31. This addition of polarons to the polymer chain provides a 
driving force for the movement of electrons. When some fragments of the polymer exist as a 
straight chain, there will be sufficient overlap of π orbitals allowing for delocalization of electrons 
along the polymer chain.  
With respect to the UV-vis spectra of PANI with different forms, only one band could be expected 
except for emeraldine salt, which has three bands in the UV-vis spectra.144 The reason lies on that 
in the absence of polarons there is only one possible transition, namely from the highest occupied 
molecular orbital (HOMO) to the lowest unoccupied molecular orbital (LUMO), in which case the 
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LUMO would be the π* antibonding conduction band and the HOMO would be the π bonding 
valence band. When the polaron exits, with the energy of the polaron lying somewhere between 
the HOMO and LUMO, two other electronic transitions become possible.  There are now three 
possible transitions for the excitation of electrons: (1) HOMO to LUMO transition; (2) transitions 
from HOMO to polaron band and (3) from polaron band to LUMO, as demonstrated in Figure 
31.144  
  
Figure 30. Basic structure of PANI and different redox forms of PANI with its doped states 
(modified from Ref. 142).142   
 
Figure 31. Electronic transitions in polyaniline without (left) and with (right) polarons.  
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I.4 Objectives of the Thesis 
The aforementioned descriptions have generally introduced the investigation of star-shaped 
conjugated molecules and revealed their values by comparing with their linear counterpart. So far, 
despite various star-shaped molecules have been synthesized and have been investigated for 
different application including solar cell, to further explore star-shaped molecules with new 
structures and to explore the correlation between structure and properties which could provide the 
theoretical guidance for solar cell designs and applications, is still a key task for scientific research. 
Azophenine is a good bridging ligand and its coordination chemistry has been well investigated. 
However, further functionalization on its surrounding phenyl ring is rarely found and its potential 
application as core for the design of star-shaped conjugated molecules has been ignored. So 
exploring the possibility to further functionalize the core of star-shaped conjugated molecules such 
as azophenine appears appealing, particularly when one consider the design of cross-conjugated 
polymers as new photonic materials. Moreover, as one of the most studied conducting polymers, 
one major issue in PANI is whether the -NH- link promotes electronic communication across the 
polymer chain giving rise to its deep colorations like the fully oxidized version. Thus as a model, 
which conveniently combines both the quinone diimine and diaminobenzene fragments as a 
“condensed emeraldine”, the far more soluble azophenine offers a good platform to investigate the 
photophysical properties of PANI and to further uncover the correlation between the structure and 
property. So the main approach is to make structural modifications on the azophenine central core 
with the hope of rendering it emissive. 
Bearing in mind this aim, truxene-based star-shaped azophenine derivatives were synthesized and 
characterized. The coupling of bulky truxene residues with azophenine improved the rigidity 
somehow of the molecule thus decreasing the number of low-frequency molecular motions 
susceptible to deactivate the excited states. This modification successfully rendered the molecule 
emissive at room temperature (azophenine is only emissive at 77K90, Chapter 2). The fluorescence 
band was unambiguously assigned to a radiative S1 charge transfer (phenyethynyl → central core) 
to the ground S0 state. 
In chapter 3, an organometallic fragment, trans-Pt(PBu3)2(C≡C)2-, was inserted into the branches 
of the star-shaped azophenines derivatives of truxene aiming to explore the synthetic routes for 
further functionalizing azophenine with organometallic complex through covalent bond on the 
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branches rather than coordination bond with the N atoms of the azophenine. Besides, because of 
the introduction of platinum, it is also possible to explore the triplet state properties in addition to 
that of the singlet ones of azophenine by virtue of the expected heavy-atom effect. Despite the 
existence of intramolecular hydrogen bonds in azophenine rendering somewhat the central frame 
a little more rigid, the sought phosphorescence was not observed. This observation indicates that 
fast non-radiative processes from the triplet state still operate. Thus, the replacement of the labile 
H+ ions on the HN^N moiety by BF2
+ fragments to form a cycle was performed in order to further 
rigidify the central azophenine through chelation and reducing these non-radiative rate constants, 
and thus to increase the analytical emission signal (Chapter 4). Despite this important modification, 
the CT near-IR fluorescence was still the only emission observed with no evidence of the 
corresponding phosphorescence. 
As previous mentioned, star-shaped molecules exhibit an advantage over their linear counterparts. 
The star-shaped molecules are easier to solubilize. So, to further explore new star-shaped 
molecules and investigate their functionalized derivatives, Chapter 5 introduces the use of two 
chromophores that exhibit a strong fluorescence. Indeed, bodipy and porphyrin-based star-shaped 
azophenine derivatives were designed. The choice of porphyrin and bodipy is based on their high 
molar extinction coefficients in the visible region of the spectrum and again on their strong 
fluorescence. So, these chromophores represent good models for functionalized conjugated 
polymers bearing these lumophores as side-branches. Noteworthy, the absorption spectrum of 
bodipy lies in a range where porphyrin doesn’t absorb very much. So a combination of these two 
chromophores improves the capacity of the material to absorb more photons of the solar spectrum. 
In such a case, such material could further improve the solar cell efficiency. In parallel, due to the 
high fluorescence quantum yield of bodipy and the overlap of the emission spectrum of bodipy 
and the absorption spectrum of porphyrin, such derivatives could be good models to study the 
upper-energy (through space) energy transfer processes (1bodipy* → 1porphyrin*). The 
azophenine serves here as a template to hold the energy donor and acceptor in place in a well-
defined geometry. However, the electronic communication across the NH group is also known 
from past in our group, and a through bond mechanism is also considered but not realistically 
occurring.  
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CHAPTER 1 
THEORY 
1.1 Basic Principles of Absorption and Fluorescence 
For a diamagnetic fluorophore after absorbing a photon of appropriate energy, the whole molecule 
will go from the electronic ground state (S0) to an excited state without (S1, S2, …) or with (T1, 
T2, …) a change in spin multiplicity. Then, the relaxation of these excited molecules may occur 
via radiative (fluorescence (from S1, S2, …) or phosphorescence (from T1, T2, …)) and non-
radiative processes (i.e. internal conversion, vibrational relaxation or intersystem crossing (for 
example S1 ~~> T1). A typical Jablonski diagram (or state diagram) is shown in Figure 32 to 
illustrate the involved photophysical processes and associated timescales after the diamagnetic 
organic molecule absorbing a photon. The transitions between states are depicted as vertical lines 
to illustrate the instantaneous nature of light absorption. 
 
Figure 32. Jablonski diagram (also called state diagram) describing the electronic levels of 
common organic molecules, possible radiative and non-radiative processes and the timescale for 
these different processes. 
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Prior to presenting this chapter, it is important to define the difference between the Jablonski 
diagram (or state diagram), and the energy molecular orbital diagram, which show the molecular 
orbital (MO) energy levels which qualitatively describes the chemical bonding of molecules in 
MO theory. For example, Figure 33 (left) illustrates the MO diagram of H2. When two hydrogen 
atoms combine their 1s orbitals to form a σ (1s) bonding or a σ*(1s) anti-bonding orbital, the two 
electrons will firstly fill into the lower energy σ (1s) bonding orbital, which here calls the highest 
occupied molecular orbital (HOMO) for H2, the first unoccupied molecule orbital (here is σ*(1s) 
anti-bonding orbital) is named lowest unoccupied molecular orbital (LUMO). Figure 33 (right) 
illustrates the electronic configuration of excited singlet (multiplicity equals to 1) and triplet states 
(multiplicity equals to 3) depicted with a MO diagram. 
 
Figure 33. Left: illustration of energy MO diagram for H2. Right: energy MO diagram depicting 
an electronic configuration of excited singlet and triplet states. 
The relationship between Jablonski diagram (or state diagram) and MO diagram is illustrated in 
Figure 34. As a simple rule, allowed electronic transition will occur between HOMO and LUMO 
and corresponds to a transition from ground state to the first excited state (S0→S1) and the energy 
difference (∆E) between the LUMO and the HOMO corresponds to the energy of quanta in the 
absorption and emission spectra. Sometimes, transitions from the S0 to certain upper excited state 
(Sn) could be a consequence involving serval different molecular orbitals. For instance, exciting a 
molecule from its ground state to its third excited state (S0→S3) involves two transitions: HOMO 
to L+1 and H-1 to LUMO (Figure 34). 
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Figure 34. Illustration of frontier molecular orbitals involved in the absorption and emission 
processes for 4-chloro-6-[(quinolin-8-ylamino)methylene]cyclohexa-2,4-dienone. The inset form 
indicates the orbitals involved for transitions from ground state to different excited states.145 The 
picture and the table have been modified from ref 145. 
1.1.1 Franck-Condon principle 
Transitions from the ground state to the excited state occur in about 10-15 s, which is faster than the 
time scale of nuclear motions (10-12 to 10-13 s). So, for the new vibrational levels after the electronic 
transition, it can be considered as adopting a compatible nuclear position and momenta of the 
vibrational levels of the molecule in the originating electronic state, namely, the electronic 
transition is most likely to occur without changing the position of the nuclei and  the vibrational 
state (vertical transition), as shown in Figure 35, Franck–Condon principle is suitable for both 
absorption and emission processes and can also explain the intensity of the vibronic bands. For 
transitions that have greater overlap of the vibrational wavefunctions between the initial and final 
states, they will have greater intensity of transitions. 
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Figure 35. Illustraion of Franck-Condon principle energy diagram and Stoke shift. Modified from 
https://en.wikipedia.org/wiki/Franck%E2%80%93Condon_principle. 
1.1.2 Kasha’s Rule and Stoke Shift 
A fluorophore is often excited to higher vibrational level (υ1, υ2…) depending of the excitation 
wavelengths employed. The fluorescence lifetimes for organic molecules are typically 10-8-10-9 s. 
The time scale for the internal conversion (i.e. vibrational relaxation) is normally in 10-12 s or less, 
These internal conversion processes usually complete prior to emission and the fluorophore with 
the higher vibrational level (υn, n > 1) will rapidly relax to the lowest vibrati nal state of S1 before 
returning to the ground state (Kasha’s rule).  
During these processes, the electron configuration of the new state may lead to a shift of the 
equilibrium position of the nuclei (q01 in Figure 35, left). Stoke shift is the difference between the 
maximum absorption and emission bands of the same electronic transition, for example, the 
transition from υ’’0→ υ’2 for the absorption (blue line) and the transition from υ’0→ υ’’2 (green 
line) in Figure 35. Generally, the Stoke shift consists of two contributions: (1) the energy loss 
accompanying the rapid relaxation from a higher vibrational level to the lowest vibrational state 
of S1 (Kasha’s rule). Owing to the Kasha’s rule, the emission spectra are usually independent of 
the excitation wavelength. (2) Fluorophores decaying from the lowest vibrational state of S1 to a 
higher vibrational manifold of S0 results in further loss of excitation energy by thermalization of 
the excess vibrational energy.  
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In addition to these two effects, there are solvent effects, excited-state reactions and energy 
transfers that can also cause further Stoke-shift. Moreover, because the molecular symmetry does 
not change in rigid aromatic molecules upon excitation, the emission spectra are usually a mirror 
image of the absorption spectra (Figure 35, right). This is the case unless there are other excited-
state events of the fluorophore that produces different species in the excited state in comparison 
with the structure in the ground state. One example is 1-hydroxypyrene-3,6,8-trisulfonate, a pH-
sensitive fluorophore. At low pH the hydroxyl group is protonated and the absorption spectrum 
shows vibrational structure typical of an aromatic hydrocarbon. After being excited, the 
dissociation constant (Ka) of the hydroxyl group increase and the molecule becomes ionized, 
namely the emission occurs from a different molecular species. At high pH value (pH = 13), the 
hydroxyl group of HPTS becomes ionized in the ground state and the emission spectrum is a mirror 
image of the absorption (Figure 36, left). Another example is anthracene in the presence of 
diethylaniline. In the excited state, anthracene can form a charge-transfer complex exhibiting an 
emission at longer wavelength (Figure 36, right). 
 
Figure 36. Illustration of exceptions of the mirror-image rule. Left: Absorption (pH 1, 7.64, and 
13) and emission spectra (pH 7) of 1-hydroxypyrene-3,6,8-trisulfonate in water. Right: Emission 
spectrum of anthracene in toluene containing 0.2 M diethylaniline. The dashed lines show the 
emission spectra of anthracene and its exciplex with diethylaniline.146 Modified from Ref 146. 
1.1.3 Intersystem Crossing and Phosphorescence 
According to the Pauli exclusion principle, only two electrons in an atom and a molecule that have 
opposite spin state can occupy the same orbital (diamagnetic molecule). When the transition 
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occurs, an electron from a filled orbital is promoted to a vacant one in the same spin orientation as 
it was in the ground state (paired) namely for singlet-to-singlet transitions. So generally, 
phosphorescence is formally spin-forbidden in order to conserve the angular momentum. However, 
in excited states, spin orientations (or spin states) are no longer restricted because two of the 
electrons are no longer sharing an orbital. So non-radiative intersystem crossings (i.e. excited 
singlet ↔ excited triplet states) are possible, thus populating triplet excited states. In the triplet 
states, both electrons have the freedom to change their spin state as they reside in partially filled 
orbitals.147 If there is a heavy atom effect, which is strongly proportional to the nuclear size of the 
atom, an increase the rate of a spin-forbidden processes from singlet excited state to triplet excited 
state (i.e. intersystem crossing: spin-orbit interactions, the interactions of an electron's spin with 
the magnetic moment generated by the orbital motion of the electron or from the point of view of 
an electron, these are the interactions between electron's spin and orbital motion of the nucleus), 
phosphorescence, and internal conversion from the triplet state, will be observed. 
Again as shown in Figure 32, the spin-forbidden radiative process relaxing a molecule in its triplet 
excited state to its singlet ground state is called phosphorescence. This process also requires a 
change in spin state, which is again forbidden, and consequently the phosphorescent emission is 
slow (i.e. generally in the millisecond to the second-time scale for organic molecules) therefore a 
much longer timescale than the spin allowed fluorescence (nanosecond). 
1.1.4 Fluorescence Lifetimes and Quantum Yields 
For a fluorophore, the fluorescence lifetimes and quantum yields are the main kinetic metrics for 
the Sn states. Quantum yield is defined as the number of emitted photons relative to the number of 
absorbed ones. After being excited, a fluorophore can be depopulated from the excited state by 
emitting a photon with a rate constant kF and by non-radiative decay to S0 with non-radiative rate 
constant of knr, and the fluorescence quantum yield, F, can be given by equation [1.1]: 
F = kF/(kF + knr)                                                             [1.1] 
The value for F ~ 1 if knr << kF. However experimentally, F < 1 because knr is often large enough 
to compete with kF. Similarly, the phosphorescence quantum yield, P, is given by equation [1.2]: 
P = kP/(kP + knr)                                                            [1.2] 
36 
 
where kP and knr are respectively the radiative and non-radiative rate constants responsible for the 
depopulation of the T1 state. Often knr ≈ kP only (intersystem crossing T1 ~~> S0) if no reaction 
takes place on the T1 state. For quantum yield measurements, there are two methods: a) the 
measurement of the absolute quantum yield and 2) the comparative method. The former method 
consists of using a sphere detector (called the integration sphere) that measures all emitted photons 
from a sample (solid or liquid) excited by a monochromatic radiation of known intensity (i.e. 
number of incident photons, i.e. absorbed photons). The e is given by equation [1.3]: 
e = number of emitted photons/ number of absorbed photons                  [1.3] 
This instrument is available at the Plateforme de Photophysique at UdeS. In the absence of such 
instrument or for any other reasons such as irreproducible measurements, it is possible to determine 
the relative emission quantum yield of a fluorophore, for example, by comparing a reference 
fluorophore, which has a well-known quantum yield with equation [1.4]: 
𝛷𝐹
𝑖 =
𝐹ⅈ𝑓𝑠𝑛ⅈ
2
𝐹𝑠𝑓ⅈ𝑛𝑠
2 𝛷𝐹
𝑠                                                              [1.4] 
where Φif and Φsf are the photoluminescence quantum yields of the sample and standard, 
respectively; the subscript f is used for fluorescence, in this example. Fi and Fs are the integrated 
intensities (areas in a linear energy scale such as cm-1, eV, etc) of sample and standard spectra, 
respectively; fx is the absorption factor (also known under the obsolete term “absorptance”), the 
fraction of light going through the sample that is absorbed (fx = 1 – 10–Ax, where A = absorbance); 
the refractive indices of the sample and reference solution are ni and ns, respectively. Noteworthy, 
the optical density at the selected and unique excitation wavelength must be less than 0.05, so this 
range of concentration is in the linear region of the Beer-Lambert law. When the excitation and 
emission wavelengths are indeed the same, then the refractive indices are almost identical. This is 
important because these values are both solvent and wavelength dependent and often unknown. 
Note that the phosphorescence quantum yield, P, can be also measured using this method. 
The fluorescence (F) and phosphorescence (P) lifetimes for a chromophore are quantitatively 
defined by the average time a molecule stays on the excited state, respectively the emitting singlet 
and triplet states, prior to return to the ground state. Because the emission is a random process, and 
few molecules can emit their photons at t = τ, so the lifetime is an average value of the time spent 
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in the excited state. For a single exponential decay (i.e. since the kinetic follows a reaction pattern 
of order 1; for example S1 → S0 + light), this process is defined as the time when the ratio of the 
intensity at time zero upon excitation and  is equal to e (2.30…). The fluorescence and 
phosphorescence lifetimes can be respectively expressed by equations [1.5] and [1.6]: 
F = 1/(kF + knr)                                                            [1.5] 
P = 1/(kP + kiP)                                                            [1.6] 
Then, the radiative rate constants for fluorescence and phosphorescence are experimentally 
evaluated using equations [1.7] and [1.8], respectively: 
kF  =  F /F                                                                                            [1.7] 
kP  =  P /P                                                                                            [1.8] 
1.2 Time-Correlated Single Photon Counting (TCSPC) 
This section describes one technique used in this thesis to measure an emission lifetime, whether 
it is fluorescence or phosphorescence. Since the excited molecules emit photons at different times 
following their simultaneous excitation, the decay of the excited molecules in their excited state 
must be considered of having a certain rate rather than occurring at a specific time after excitation. 
By observing how long individual molecules take to emit their photons, and then combining all 
these data points, an intensity vs time graph can be generated which displays an exponential 
decay curve typical to these processes. However, to record the time decay profile of the signal with 
a single excitation-emission cycle is hard to achieve due to practical problems. For example, the 
very short excited-state lifetimes, often going from hundred picoseconds to tens of nanoseconds, 
require to record very rapidly. Moreover, in order to extract the emission lifetime(s) in decay traces 
that may be composed of many components, the quality of the traces must be very good and long 
data accumulations are necessary. Consequently, the number of data points must be sufficient to 
extract accurate values. For example, a decay lasting, e.g., 500 ps, the signal would have to be 
sampled at time steps of say 10 ps or less, if possible. 
TCSPC is a method based on the repetitive, precisely timed recording of single photons to analyze 
the relaxation dynamics of excited molecules. With a periodic excitation, one can obtain collect 
data over multiple cycles of excitation-emission steps and reconstruct the fluorescence decay 
38 
 
profile from the multitude of single photon events collected over many cycles. For TCSPC, it is 
necessary to maintain a low probability of recording more than one photon per cycle (i.e. one 
excitation pulse-one recorded photon-one excitation pulse-one recorded photon, etc). So, fine 
adjustments of the excitation pulse intensity and frequency, as well as slit widths, are necessary. 
This attenuation of the light level at the sample guarantees that the histogram of photon arrivals 
represents the time decay that one would obtain from a high intensity single excitation shot time-
resolved recording (called analog).   
 
Figure 37. Representation of three cycles of start-stop times in time-resolved fluorescence 
measurements with TCSPC. The emission of photons occurs randomly.148 Modified from Ref. 148. 
Figure 37 exhibits how the histogram is formed over multiple cycles. The sample is repetitively 
excited by short laser or lamp pulses (the pulse width must be smaller than the lifetime if possible 
for accuracy). The time difference between excitation and emission represents the “lifetime” for 
each individual excited chromophore in their excited state is measured using a detector called a 
photomultiplier. The electronics permit to divide the time between two excitation pulses into a 
given number of channels (commonly multiple of 256). By knowing the pulse frequency, therefore 
the time between two pulses, then the time per channel is also known. The pulse represents the 
start, and the arrival of the photon represents the stop and the signal is stored into a channel. This 
start-stop process is also called a stopwatch reading. All these readings are sorted into a histogram 
consisting of a range of channels or “time bins”. Again the width of these time bins typically 
corresponds to the time-resolution of the stopwatch and can be as low as some picoseconds for 
nanosecond lifetime measurements. This picosecond lifetime for a channel is the smallest possible 
because of the time-response that the electronic can reliably give (mainly due to the limitation of 
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the photomultiplier). Basically, when a photon is detected, the time of the corresponding detector 
pulse (time bins) is measured. The events are collected in a memory by adding a ‘1’ in a memory 
location with an address proportional to the detection time (time bins or channels). After many 
photons, in the memory the histogram of the detection times, i.e. the waveform of the optical pulse 
builds up as shown in Figure 38. 
  
Figure 38. Histogram (bottom) of start-stop times in time-resolved fluorescence measurements 
with TCSPC. Left: real optical waveform (intensity vs time) of the sample. Middle: representation 
of five individual recorded signals (1 signal = 1 photon). The number of individual measurement 
can be as high as hundreds of thousands for accuracy purposes. Right: sum of all individual signals. 
The resulting histogram contains a number of channels often as a multiple of 256.149 Modified 
from Ref 149.  
1.2.1 Count Rates and Single Photon Statistics 
As stated above, it is necessary to maintain a low probability of registering more than one photon 
per cycle to guarantee that the histogram of photon arrivals represents the correct time decay, i.e. 
one would have obtained from a single shot time-resolved analog recording. It is also necessary 
that the cycles do not overlap. This would lead to a distortion of the resulting histogram, therefore 
leading to extraction of a false lifetime. To ensure that this undesired possibility occurs, one has 
to make sure that the time lap between two excitation pulses is at least five times the value of the 
emission lifetimes. To figure out the needed time, this process consists of trials and errors. This 
condition reduces the possibility of a photon arriving during the next experiment. Moreover, if the 
number of photons occurring in one excitation cycle is greater than one, then the system would 
record the first photon but miss the following ones. This would lead to an over-representation of 
early photons in the histogram, an effect called ‘pile-up’ (Figure 39), which also leads in a distor- 
40 
 
tion of the histogram. In order to maintain single photon statistics appropriate, the TCSPC 
measurements should be performed when on average only one in 20 to 100 excitation pulses should 
generate a single count at the detector, namely the average count rate at the detector should be at 
most 1 to 5 % of the excitation rate. A representation of this effect is shown in Figure 39. 
 
Figure 39. Illustration of distortion of the TCSPC measurements by pile-up effect.148 Modified 
from Ref. 148.  
 
Figure 40. Illustration of typical excited-state intensity decay profiles (blue) and IRF (red). The 
plot shows the fluorescence decay of an anthracene solution in ethanol. The sample was excited 
with a picosecond pulsed diode laser at 375 nm at a repetition rate of 10 MHz. 
The overall timing precision of a TCSPC system is defined by its Instrument Response Function 
(IRF, Figure 40). This characteristic consists of several factors, apart from the pulse response of 
the detector. The first factor is the timing accuracy, which is limited by the timing uncertainty that 
the detector introduces in the conversion from a photon to an electrical pulse (this is called the 
41 
 
time response). Usually, this timing error (or uncertainty) can be as much as 10 times smaller than 
the detector’s pulse response. The timing uncertainties are usually quantified by the Full Width 
Half Maximum (FWHM) of the timing error distribution. The second source responsible for IRF 
characteristics is the timing jitter of the electronic components used for TCSPC which is caused 
by the finite rise/fall-time of the electric signals used for the time measurements.  
1.3 Time-Resolved Fluorescence and Streak Camera 
Generally, emission spectra measurements can be performed into two manners: steady-state and 
time-resolved. The steady-state experiments consist in measuring emission spectra with constant 
intensity illumination. The recorded spectra (emission and excitation spectra) are simply an 
average of emission spectra of a sample upon irradiation. The emission spectra are performed with 
the excitation wavelength fixed at a wavelength where the sample absorbs, and then the emission 
intensity is recorded as a function of wavelengths. The excitation spectra are performed using a 
given emission wavelength where the sample emits, and then the excitation wavelength is varied. 
This latter experiment is very useful from the comparison of this spectrum with the absorption one. 
Normally, these two should be superimposable. Otherwise, one may suspect the presence of a 
strongly emissive impurity.  
For steady-state measurements, much of the molecular information and dynamic processes 
available from fluorescence are lost. Again, the second type of measurements for emission is time-
resolved emission spectra (TRES) measurements. Again the pulse of light must exhibit a width 
which is shorter than the decay time of the sample. Using a Streak camera, the emission decay is 
recorded with this particularly high-speed detection system that permits the intensity to be 
measured on the ps timescale. For example, pyrene-N,N-dimethylaniline (PyDMA) (Figure 41) 
can form a charge-transfer complex with the linked dimethylphenyl group after being excited and 
emits at higher wavelength.151 Steady-state measurements can just provide the averaged emission 
spectra. However, for time-resolved fluorescence measurement, detail information can be provided 
for PyDMA after being irradiated, as shown in Figure 41, left. The fluorescence intensity decreases 
rapidly due to exciplex formation and solvent relaxation around the CT complex. The CT complex 
is more polar than the molecule and shows a time-dependent spectral shift to longer wavelengths. 
This shift occurs rapidly and is complete in less than 500 ps. The time-dependent shift to longer 
wavelength is due to reorientation of the solvent molecules around the CT state.  
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Figure 41. Time and wavelength-dependent intensity decays of PyDMA in hexanol at 298K.150 
Modified from Ref. 150.  
The Streak camera is a device that measures ultra-fast light phenomena and delivers intensity vs 
time vs position (i.e. wavelength). Figure 42 shows the operating principle of the Streak camera. 
 
Figure 42. Illustration of the operating principle of the streak camera.152 Modified from Ref. 152. 
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The emitted light being monitored passes through a slit and generates a time-resolved slit image 
on the photocathode of the Streak tube. At this point, a given number of optical pulses (the graph 
shows four as a simplified example), which vary slightly in terms of both time and space, and have 
different optical intensities, arrive at the photocathode. The incident light on the photocathode is 
converted into a number of electrons proportional to the intensity of the light, so that these four 
optical pulses are converted sequentially into electrons. Then these electrons pass through a pair 
of accelerating electrodes, where they are accelerated and bombarded against a phosphor screen. 
As the electrons produced from the four optical pulses pass between a pair of sweep electrodes, 
high voltage is applied to the sweep electrodes at a timing synchronized to the incident light. This 
initiates a high-speed sweep (the electrons are swept from top to bottom). During the high-speed 
sweep, the electrons, which arrive at slightly different times, are deflected in slightly different 
angles in the vertical direction, and enter the MCP (micro-channel plate). This key process defines 
the time-resolution of the Streak camera.  
 
Figure 43. (A) Illustration of the time-resolved fluorescence spectra measured with a Streak 
camera for a molecule containing two chromophores (Donor and Acceptor) with two emission 
lifetimes, 1 and 2. (B) Map reporting the presence of emission with color reflecting the relative 
intensity vs time and wavelength. Modified from http://www.ep4.phy.uni-bayreuth.de/ag_ 
jkoehler/en/resear-ch/multichromophoric_systems/energy_and_charge_transfer_dynamics_in_ 
organic_donor acce-ptor_dyads/index.html. 
As the electrons pass through the MCP, they are multiplied several thousands of times, after which 
they impact against the phosphor screen. Then these electrons are converted again into light using 
a phosphor screen. The phosphor image corresponding to the optical pulse which was the earliest 
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to arrive is placed in the uppermost position, with the other images being arranged in sequential 
order from top to bottom, in other words, the vertical direction on the phosphor screen serves as 
the time axis. Also, the brightness of the various phosphor images is proportional to the intensity 
of the respective incident optical pulses. The position in the horizontal direction of the phosphor 
image corresponds to the horizontal location of the incident light. In this way, the Streak camera 
can be used to convert changes in the temporal and spatial light intensity of the light being 
measured into an image showing the brightness distribution on the phosphor screen. We can thus 
find the optical intensity from the phosphor image, and the time and incident light position from 
the location of the phosphor image. The time resolution can be about 5 ps or a bit more, but the 
lifetimes cannot exceed 3 ns due to the design of the instrument. An example is provided in Figure 
43. 
1.4 Ultrafast Transient Absorption Spectroscopy 
Many photophysical events occur in a time scale going from less than 100 fs to hundreds of 
picoseconds. These events could be, for examples, an internal conversion from upper singlet 
excited states down to other lower singlet states (for example S2 ~~> S1) an intersystem crossing 
S1 ~~> Tn (n = 2, 1), a singlet-singlet energy transfer or an electron transfer towards an electron 
acceptor molecule or moiety. Because these events are ultrafast and often the fluorescence band is 
very weak or inexistent, an ultrashort tunable laser (i.e. femtoseconds) transient absorption system 
makes it possible to investigate these events.  
The transient absorption spectroscopy technique consists in a pump excitation pulse to promote a 
fraction of the molecules of a given sample to an excited state. Generally, this fraction typically 
ranges from 0.1% to tens of percent. Then, a weak white light probe pulse (in order to avoid 
multiphoton/multistep processes during probing) is sent through the sample with a delay τ with 
respect to the pump pulse. A difference absorption spectrum (ΔA) is then calculated by abstracting 
the absorption spectrum of the excited sample from the absorption spectrum of the sample in the 
ground state (i.e. a sample that was not pumped). This simple mathematic process permits to gain 
more accuracy in the measurements. More details are provided below. By changing the delay time 
τ and recording the transient ΔA, a spectrum at each delay time is measured. Then a ΔA profile as 
a function of τ and wavelength λ, ΔA (λ, τ), is obtained. ΔA (λ, τ) contains information on the 
dynamic processes that occur in molecules, polymeric materials, and photosynthetic systems under 
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study. Other examples of very fast photophysical/chemical events are excited-state energy 
migration (i.e. S1 to S1 to S1 to S1, etc, in a multi-molecular array), intramolecular proton transfer 
processes, and isomerization. Because not all the molecules in the sample will undergo the same 
dynamics simultaneously and the number of molecules involved is small, the typical pulse-probe 
experiment must be carried out many times, and the data must be averaged aiming to generate 
spectra with accurate intensities and peak positions. The significant advantage of time-resolved 
absorption spectroscopy over time-resolved fluorescence non-emissive states and species can be 
investigated. 
 
Figure 44. (A) Schematic simplified representation of pump and probe beams in a pump-probe 
experiment for transient absorption spectroscopy. (B) Examples of transient absorption spectra for 
diphenylthiophene after excitation. The spectral evolution within the first few picoseconds reveals 
structural relaxation and vibrational cooling, followed by the picosecond-scale intersystem 
crossing that is responsible for the spectral evolution153. The bleach signal is the negative response, 
and the transient band is positive in this scale (A). If the scale is in T/T (T being the 
transmittance), then it is the reverse. This is the case for this thesis. Modified from 
https://ellesgroup.ku.edu/TA_spectroscopy.  
Generally, a ΔA spectrum contains contributions from following processes, again, simply because 
two experiments are performed. These are the measurements of the absorption spectra (with white 
light) of a sample with and without excitation pump beam.  
(a) Ground-state bleach. Since a fraction of the molecules has been promoted to an excited state 
after the action of the pump pulse, the number of molecules in the ground state has been decreased. 
Therefore, the ground-state absorption for the sample after being excited is less than that for the 
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non-excited sample. Thus, a negative signal is observed in the wavelength region of ground state 
absorption in the ΔA spectrum, as schematically illustrated in Figure 45. 
 
Figure 45. (A) Energy levels of a hypothetical molecule and selected transitions influencing the 
difference absorption spectrum. (B) The corresponding difference absorption spectrum and with 
separated contributions of different transitions.  
(b) Stimulated emission. Upon population of the excited state, stimulated emission to the ground 
state may sometime occur when the probe pulse passes through the excited sample. Stimulated 
emission will occur only for optically allowed transitions and will have a spectral profile, which 
follows the fluorescence spectrum of the excited chromophore. During the physical process of 
stimulated emission, a photon from the probe pulse induces emission of another photon from the 
excited molecule that returns to the ground state. The photon produced by stimulated emission is 
emitted in the exact same direction as the probe photon, so both can be detected. Notably, the 
intensity of the probe pulse is so weak that the excited-state population is not affected a lot by this 
process. Stimulated emission results in an increase of light intensity on the detector which results 
in a negative ΔA signal. In many chromophores, the Stokes shift may be very small so that the 
stimulated emission band spectrally overlaps with ground-state bleach and merges into one band. 
(c) Excited-state absorption. Upon excitation with the pump beam, optically allowed transitions 
from the excited states of a chromophore to higher excited states could happen in certain 
wavelength regions, and absorption of the probe pulse at these wavelengths will occur. Thus, 
a positive signal is observed in the wavelength region of excited-state absorption in the 
ΔA spectrum. Again, the intensity of the probe pulse is so weak that the excited-state population 
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is not affected by the excited-state absorption process. For singlet-singlet absorption, it is necessary 
that the delay time between the pump and probe pulse be smaller than that the lifetime of the 
probed singlet excited state. For triplet-triplet absorption, then the delay time should increase 
making sure that the singlet states are depleted but the longer-lived triplet T1 is not. 
(d) Product absorption. The absorption of the transient species such as charge-separated states (i.e. 
after an electron transfer (D+-A‾)), and isomerized products will appear as a positive signal in the 
ΔA spectrum.  
The main issue of the transient absorption spectroscopic technique is that by monitoring the 
ΔA spectra at specific wavelengths, one can get from rise times, the rate of formation of the various 
species, and from the decays, the relaxation rates.  
1.5 Charge Transfer (CT) State and CT Band 
A charge-transfer complex (CT complex) is generally an association of an electron-rich fragment 
named donor and an electron-deficient fragment named acceptor commonly connected with a 
conjugated bridge (), between which a fraction of electronic density is transferred from the donor 
to the acceptor after irradiation to form a CT excited state. Noteworthy, this process is significantly 
different from a full electron transfer, thus creating formal products (D+-A‾). In plain language, a 
CT state is a mixture between common * and charge separated states. The CT characteristics 
can be affected by the push-pull electronic effect, conjugative effect and a twisted structure.154 For 
example, the surrounding solvent is known to have an influence on the CT properties. Indeed with 
stronger donor in more polar solvent, the solvent reorganization is fast and stabilizes the CT state 
more. Conversely with relative weaker donors, the D-A molecule show weaker dependence on the 
solvent polarity, and may enhance intersystem crossing from an excited CT state to a triplet state. 
Moreover, the D-A molecules with a CT state have larger bathochromic shifts (i.e. red shift) in 
fluorescence spectra than that in the absorption spectra in the corresponding solvents, because the 
dipole moment of CT excited state is larger than that of ground state.154  
1.5.1 CT state and local excited (LE) states in donor-acceptor molecules 
Generally, the excited states in organic molecular systems can be classified into two categories 
considering the binding energy, namely the relatively weak binding energy of the CT state (D+-
A‾) and the strong binding energy local excited (LE) state. The CT state based molecule always 
show low radiative transition rate and poor photoluminescence (PL) efficiencies, as this is the case 
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for the molecules presented in this thesis, owning for the spatially separated transition orbital of 
CT state with its ground state. Conversely, the LE state possesses a high radiative transition rate 
because of the large overlap between the molecular orbitals involved in the electronic transition. 
The relationship between the CT state and LE state, also determining which one of the two will be 
dominant, depend on one hand on the polarity of the solvent154 but also on the level of mixing of 
ψ(CT) and ψ(LE) defining the CT state, and the degree of mixing of the two states. The latter 
process is inversely proportional to the energy gap (ECT-ELE) between the two states at the initial 
configurations and directly depends on the spatial wavefunction overlap of two states (Figure 
46).155  
 
Figure 46. Illustration of the three possible cases of energy diagrams involving LE and CT states 
in D-A molecules: (a) and (b): the energy gap between these states is large and no mixing occurs. 
(c): the energy gap between these states is small and mixing occurs. Situation (a) is the (desired) 
case for the molecules presented in this thesis. Modified from Ref. 155. 
1.5.2 CT State and CS State 
Figure 47 shows two possible pathways for the generation of charge-separated CS (D+-A‾) and 
charge transfer CT (D+-A‾) states and their relationship. Absorption of a photon with energy ED∗ 
(or higher) generating the donor localized excited state, D∗. Then there are two possible pathways 
for the generation of a CT state: 1. Pathway with rate constants krelax vibrationally relaxing the 
donor localized excited state which competes with CS pathway with rate constants k∗CS; 2. Then 
there is a pathway from the CS state, occuring at a rate kr; then there is a pathway through optical 
excitation with a photon energy ECT-λGS (CT band), namely from the vibrationally excited ground 
state GSm into CT1 with constant GCT1. For the charge-separated state, it is not coupled with the 
ground state and the charge carriers have overcome the Coulomb binding energy, which can freely 
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migrate in the active layer, while the production of the CT state is a CT exciton which is bound 
together by their Coulomb force, and diffuse as a pair.156-157  
 
Figure 47. Illustration of energetics of the relevant states for a D-A structure. a, State diagram 
indicating pathways for the generation of CS and CT state. b, Potential energy surfaces of GS, and 
low-energy CT and D∗ states. Higher energy electronic CT and D∗ states are omitted for clarity. 
D* is the excited state of donor molecule, GS is ground state, CT is the charge transfer excited 
state, CS is the charge separated state, ED* and ECT are the energy to excite the donor from its 
ground state to local excited state and CT excited state with a rate constant GD* and GCT1, 
respectivley, ECS is the energy to excite the molecule from the ground state to its charge separated 
state. krelax, k*CS, kf, kr, kCS are the rate constant corresponding to different processes. Modified 
from Ref. 156. 
1.6 Photoinduced Energy Transfer  
Photoinduced energy transfer has been studied extensively for several decades and has applications 
in sensors, optics, and solar cell158-161. Energy transfer refers to a photophysical process whereby 
the excitation energy of the donor (D) moves to an acceptor (A). This process is typically 
thermodynamically spontaneous and can occur by either a nonradiative or radiative process 
between identical molecular subunits where no thermodynamic gradient exists or between 
different structures resulting in an energy transfer gradient. Electronic excitation results in a 
quasiparticle, termed an “exciton”. It is an electrically neutral, excited state of the molecule which 
can be regarded as a bound state of the excited electron and hole. When an exciton move in a 
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homogeneous one-dimensional system, it will result in “hopping” of the exciton state among 
identical particles with equal energy rather than localizing on one chromophore. Thus, 
photoinduced energy transfer can also be called “exciton migration” or “exciton hopping.”  
For nonradiative energy transfer, there are two mechanisms to describe it: Förster and Dexter 
mechanism. 
1.6.1 Förster Resonance Energy Transfer (FRET) 
Förster resonance energy transfer, also known as through-space or dipole–dipole energy transfer, 
involves the long-range coupling of the donor and acceptor dipoles. The resonance between the 
donor dipole moment and the acceptor dipole one is facilitated by the presence of intervening 
solvent dipoles. This non-radiative transfer mechanism is schematically illustrated in Figure 48. A 
donor group (D) is excited by a photon and then relaxes to the lowest excited singlet state, S1 (by 
Kasha’s rule). If the acceptor group is not too far, the energy released when the electron returns to 
the ground state (S0) while may simultaneously excite the donor group. This non-radiative 
process could be referred to as “resonance”. After excitation, the excited acceptor emits a photon 
and returns to the ground state, if the other quenching states do not exist.  
 
Figure 48. Schematic diagram of FRET.  
FRET is mainly affected by three factors: (1) the spectral overlap between the absorption spectrum 
of the acceptor and the fluorescence spectrum of the donor. To enhance the FRET efficiency, the 
donor group should have a high extinction coefficient and a high quantum yield, namely the donor 
group should have good abilities to absorb photons and emit photons. The overlap of emission 
spectrum of the donor and absorption spectrum of the acceptor, called the resonance phenomenon 
indicating the probability of the energy lost from excited donor to ground state to excite the 
acceptor group should be large: the more overlap of spectra, the better a donor can transfer energy 
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to the acceptor. The overlap integral, J(λ), between the donor and the acceptor stands for the 
overlap of spectra, as shown in Figure 49, the distance between donor and acceptor (RDA) since 
both dipole–dipole interaction energy and resonance are distance dependent as illustrated in Figure 
50. 
 
Figure 49. FRET occurs if the emission spectrum of the donor overlaps with the excitation 
spectrum of the acceptor (J integral), and the two molecules are very close (a few Ångström).  
 
Figure 50. Illustration of distance dependence on the energy transfer efficiency.  
And (3) the interaction between the oscillating donor dipole and the acceptor dipole, which 
depends on the square of the transition dipole moments for the donor and the acceptor and the 
orientation of the dipoles in space (κ2), κ2 can theoretically be values from 0 (when dipoles are 
perpendicular to each other) to 4 (when dipoles are collinear). κ2 is equal to 1 when these two 
transition dipoles are parallel. For a freely rotational donor and acceptor group, the average κ2 is 
treated 2/3.  The Förster energy transfer is favored when donor and acceptor are rigidly held in 
good alignment, because resonance is maximized when the oscillating dipole of the excited donor 
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and the transition dipole of the acceptor ground state are aligned. The energy transfer rate (kET) for 
the Förster mechanism is showed by the following relationship:  
𝑘𝐸𝑇(𝐹?̈?𝑟𝑠𝑡𝑒𝑟) = 𝑘
𝜅2𝑘𝐷
0
𝑅𝐷𝐴
6 𝐽(𝜆)                                              [1.9] 
where k is a constant determined by experimental conditions such as solvent index of refraction 
and concentration, 𝑘𝐷
0  is the pure radiative rate of the donor, R is the distance between the donor 
and acceptor, J is the spectral overlap between the emission of the donor and the absorption of the 
acceptor. 
Notably, the resonance mechanism is associated with the Coulombic interactions between 
electrons. Thus, the relative distance of Coulombic interactions between the donor-acceptor pair 
could be longer than the electron exchange energy transfer which needs the overlap of 
wavefunctions, namely the Dexter Energy Transfer. The Coulombic interactions only need the 
overlap of the spectrum, which means that the identity of resonance energy.   
1.6.2 Dexter Energy Transfer 
Dexter energy transfer is known as through-bond energy transfer and takes place through a double 
electron exchange mechanism within the molecular orbitals of the donor and the acceptor (Figure 
2.22). The electronic coupling leading to energy transfer requires significant orbital overlap rather 
than spectra overlap. Thus, close interaction between the excited donor and the acceptor ground 
state is necessary. Generally, this exchange mechanism can typically occur within 10 Angstroms. 
So it’s sometimes called short-range or exchange energy transfer. Based on the Wigner spin 
conservation rule, the spin-allowed process for Dexter energy transfer could be singlet-singlet 
energy transfer [1.10] and triplet-triplet energy transfer [1.11]: 
                                                                               1D* + 1A → 1D + 1A*                                                                              [1.10] 
                                                                               3D* + 1A → 1D + 3A*                                                                          [1.11] 
The singlet-singlet energy transfer can happen when undergoing the Coulombic interactions. 
However, the Coulombic interactions will not involve the triplet-triplet energy transfer because 
that violates the Wigner spin conservation law (For both radiative and radiationless transitions, 
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transitions between terms of the same multiplicity are spin-allowed, while transitions between 
terms of different multiplicity are spin-forbidden).  
The rate constant of Dexter energy transfer, kET(Dexter), is described below: 
𝑘ET(Dⅇxtⅇr) = 𝐾𝐽ⅇ(−2RDA ∕ L)                                       [1.12] 
where RDA is the distance between donor (D) and acceptor (A) relative to their van der Waals radii 
L of the donor, K is related to the specific orbital interactions (which is hard to evaluate), and J is 
the normalized spectral overlap integral. Therefore, the Dexter transfer rate is affected by the 
spectral overlap and also the center-to-center separation distance between D and A. 
 
Figure 51. Schematic diagram comparing the Förster and Dexter mechanims.  
1.6.3 Comparing Förster and Dexter Energy Transfer 
For Förster and Dexter mechanism, there are several differences between them.  Firstly, FRET is 
a dipole-dipole intermediated intermolecular or intramolecular process, while for Dexter transfer 
mechanism; it is a bond-mediated double electron transfer process. Concurrently, the Förster 
mechanism only describes interactions between singlet-singlet states where multiplicity keeps 
constant, while Dexter mechanism could involve both single-singlet and triplet-triplet interactions 
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regardless of the multiplicity. Thus, both mechanisms can describe the singlet-singlet energy 
transfer but only the Dexter mechanism can utilize to describe the triplet-triplet process. Moreover, 
their length scale of interactions differs. The Förster mechanism can operate over a long range (up 
to ~30-100 Å), while the Dexter one is just predominant at a short range (up to ~6 to 20 Å) owning 
for the requirement of orbital overlaps.   
 
Figure 52. Plot of log(kET) versus distancer for both the Dexter (solid line) and Förster (dotted line) 
energy transfer mechanisms, excluding any criterion other than distance. kET represents the rate of 
energy transfer.162  
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CHAPTER 2 
Rendering the Cross-conjugated Azophenine Derivatives Emissive to Probe 
the Silent Photophysical Properties of Emeraldine 
2.1 Project Outline 
Polyaniline is a well-known polymer exhibiting various distinct oxidation states; fully reduced, 
fully oxidized, and mixed-valent with different colors. The emeralidine base, is the mixed-valent 
form and when it is protonated, i.e. emeraldine salt, it becomes electrically conducting. Thus, these 
properties render it a good candidate for potential applications for acid/base chemical sensor, pH- 
and electro-chromic materials, supercapacitors, etc. Due to the very fast non-radiative process 
originating from the vibrational relaxation around the N-C bond (i.e. twisting and loose bolt effect) 
occurring in the very short ps time scale (i.e. 1-5 ps), the absence of long-lived excited states in 
emeraldine preclude its use in the design of photonic materials. Only rare works on the physical 
properties of polyaniline exist. For examples, amino-diphenylanilines and their planarized and 
twisted derivetives used as models for the reduced polyaniline (leucoemeraldine) have been 
investigated by the steady state and (“slower”) time-resolved emission spectroscopy. A previous work 
in our group reported the photophysical properties of azophenine as a model for emeraldine, but 
the resulting photophysical advances were only modest where a low-energy fluorescence is 
observed only at 77 K. The work presented in this chapter introduces the functionalization of 
azophenine at the para-position of the C6H4 group of azophenine with a copper-free Sonogashira 
coupling reaction. The choice of the copper-free catalysis is due to the coordination of nitrogen of 
the azophenine with copper to provoke a precipitation in THF which hinders the coupling reaction. 
A crystal structure was obtained for this large dimension azophenine derivative (with a molecule 
weight over 4000 g/mol; i.e. like many proteins). The anchoring of four giant hexyl-truxene 
pendant groups suppresses or slows down the non-radiative rotation motions around the C-N bond 
and thus increases the lifetime of the lowest energy singlet excited state (i.e. charge transfer, CT, 
state) up to ~100 ps, and which also renders the derivative emissive at 298K in the solid state. This 
time scale appears long enough to permit photo-induced electron transfers to a suitable acceptor. 
DFT computations were performed in order to characterize the nature of the lowest energy CT 
excited state. It was found that the CT process was from phenyl amine-to-quinone diimine. 
Because of this observation and considering azophenine was a suitable model for emeraldine base, 
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the photophysical properties were also examined at 77 K. Indeed, a weak fluorescence assigned to 
a CT emission was observed at 780 nm which was confirmed from the excitation spectrum. The 
findings based on this work indicate that through suitable structural modifications, the non-
radiative internal conversion induced by the rapid torsion via the C-N bond of polyaniline can be 
suppressed and thus increase the excited state lifetime. If so, appropriately substituted polyaniline 
may acquire the necessary excited state properties for potential applications for solar cell devices, 
also considering the relatively inexpensive price of polyaniline. 
This project was all performed at the Université de Sherbrooke. The synthesis of the compounds 
was carried out by Lei Hu. The X-ray single crystal analysis was performed by Dr. Daniel Fortin. 
The routine photophysical measurements and analysis of the compounds were performed by Lei 
Hu, and one occasion Mr. Adam Langlois helped as a part of training. Ultrafast time-resolved 
spectroscopy and the corresponding data analysis (i.e. reports) were carried out by Paul-Ludovic 
Karsenti and Shawkat M. Aly, respectively. The DFT calculations were performed at the 
Université de Sherbrooke by Lei Hu. The first draft of the full paper was prepared by Lei Hu. The 
final version was corrected by Prof. Pierre D. Harvey. 
This work was published in the Physical Chemistry Chemical Physics by Hu Lei, Adam Langlois, 
Daniel Fortin, Paul-Ludovic Karsenti, Shawkat M. Aly, and Pierre D. Harvey, 2017, 19, 21532-
21539. DOI: 10.1039/C7CP04102K.  
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2.2.1 Abstract 
An azophenine derivative was synthesized by coupling truxene and azophenine with copper-free 
Sonagashira reaction using Pd2(dba)3 and As(PPh)3 as the catalysis. Crystal structure of this heavy 
azophenine model (~4000 g/mol) was made and confirmed the identity of the structure. By 
introducing truxene groups into this cross-conjugated structure, the deactivating rotations around 
the NH-C6H4 bonds were slowed down, which rendered this derivative near-IR emissive at 
298K.This species provided then the appropriate spectral and kinetic signatures for knowing where 
and what to look for in emeraldine, which was called non-emissive. Moreover, other two 
compounds were also synthesized as models for this azophenine derivative for comparison and 
interpretation purposes. 
 
2.2.2 Introduction 
Cross conjugated polymers have been a topic of great interest over the past decade.1-13 
Concurrently, polyaniline (PANI) has also attracted interest because it exists in three insulating 
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forms (the fully reduced leucoemeraldine (NH-C6H4)n, the fully oxidized pernigraniline 
(N=C6H4=N-C6H4)n, and mixed valence emeraldine; Fig. 1) and a conductive one (protonated 
emeraldine).14, 15 The major issue in PANI is whether the -NH- link promotes electronic 
communication across the polymer chain giving rise to its deep colorations.16-18 Indeed, we 
recently reported that the -NMe- bridge in P219 was able to promote electronic communication 
across the polymer backbone in a similar manner as for its corresponding fully oxidized quinone 
diamine forms (P1a-d)20-24 and these findings fell perfectly in line to that reported for a 
bis(porphyrin)-amine.25 Models 1 and 2 belong to the cross-conjugated azophenine star-shaped 
species26 which is notoriously known to be not emissive at 298 K. These models were conveniently 
used as two-in-one “condensed emeraldines” and permitted to distinguish between two clearly 
different conformers (due to the presence of intramolecular N-H•••N bonds (planar) or not (non-
planar)) in a photophyscial stand point, stressing the fact that rotation around the NH-C bonds in 
PANI may induce various conformations.27 Model 1 features intramolecular N-H•••N bonds 
contributing in reducing the average dihedral angles made by quinone diimine ([Q]) and NH-C6H4 
planes () with respect to that for C=N-C6H4 ('). DFT computations provided evidence for cross 
conjugation where the atomic contributions from both the C=N-C6H4 and NH-C6H4 arms 
are calculated for both the HOMO and LUMO.27 Conversely, the bulky Boc-group in 2 
provoked a drastic increase in thus, breaking electronic communication.  
 
Fig. 1. Structures of PANI, P1a-d (R = Et, Bu), P2, and models 1-4. 
Thus, the properties turned out very different where model 1 (< ’) is solely a near-IR 
emitter at 77 K from the S1 charge transfer (CT) state, whereas 2 (> ’) emits solely from 
upper S2 and T2 -manifolds of the C6H4C≡C units (blue emitter). We report herein the first 
luminescent azophenine derivative at room temperature where S2→S0, T2→S0 (77 K only), 
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and S1→S0 emissions are detected simultaneously using model 4. This is achieved by using 
Y = truxene (Tru; Scheme 1) bearing soluble hexyl groups. This azophenine exhibits the 
smallest  values of the series while importantly keeping the NH function intact at all time 
like in PANI (i.e. no Boc-group). Models 7 and 8 were prepared for comparison and 
interpretation purposes. 
2.2.3 Results and Discussion  
2.2.3.1 Synthesis  
 
Scheme 2. Reaction scheme for 4, 7 and 8. (i) TBAF, DCM, 298 K, 91%; (ii) Pd2(dba)3, Ph3As, 
THF, 35 °C, 52%; (iii) 4-ethynyl-aniline, PdCl2(PPh3)2, CuI, Et3N, 81%; (iv) DCM, cat. p-
toluenesulfonic acid, 1,4-benzoquinone, 53%; (v) TiCl4, DABCO, 1,4-benzoquinone, 
chlorobenzene, 110 °C, 2 h, 46 %. 
The synthesis of 4, 6, 7 and 8 are shown in Scheme 1. 4 is prepared in 52 % yield from the 
deprotection of 127 and the Sonagashira coupling of product 3 with the known compound 
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528. Here the copper-free Sonagashira coupling catalyst system was used knowing that 
copper can coordinate to nitrogen of azophenine to provoke a precipitation in THF that 
hinders the coupling reaction.  
 
Fig. 2. Comparison of the 1H NMR spectra (300 MHz, 298 K, CDCl3) of compounds 3, 4 and 5. 
The formation of 4 was demonstrated by MALDI-TOF (ESI), 1H NMR (Fig. 2) and 
crystallography. The disappearance of the 3.10 ppm resonance for 3 and the chemical shift of 
the C-H signal of the central six-membered ring moves from 6.27 and 8.33 for 3 to  6.55 and 
8.59 for 4, meanwhile, the appearance of the signal from 5 indicates the successful coupling of 
3 and 5 to obtain the desired four Tru-substituted 4. Moreover, the downfield chemical shift of the 
C-H resonance for the central six-membered ring and the slightly upfield chemical shift of the C-
H resonance from the Tru when comparing the spectra for 4 with those for 3, manifest the 
delocalization of the azophenine electrons over the whole molecule after coupling.   
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2.2.3.2 Crystallography 
Slow evaporation of a methanol/dichloromethane mixture at ambient temperature provided 
crystals of 1, 3 and 4 (Fig. 3).  
 
Fig. 3. Ball and stick representation of 4 (X-ray; light blue = C, purple = N). 
Selected X-ray data for 1, 3, 927 (analogue to 1 except that the C≡C-TMS groups are at the ortho-
positions) and N1,N4-diphenyl-3,6-bis(phenylimino)cyclohexa-1,4-diene-1,4-diamine (i.e. no 
C≡C-Y group) 1029, are shown in Table 1 for comparison purposes. The dihedral anglesand’, 
and the C-NH and C=N bond distances for 4 compare favourably to those for 9, which along with 
1, falls in the same family of the near-IR emitters,27 and to those for the unsubstituted azophenine 
10.29 Despite the large expected residual of the crystal structure for 4  (note that the refined least 
square R factor is 19 % and is acceptable for a molecule of this size), the comparison of the key 
parameters with 10 reveals that the bulky Tru groups do not strongly affect the central core of the 
azophenine 4 (Table 1) but interestingly exhibits the smallest value. Small values promote 
electronic communication between the C6H4 group and the quinone diimine. Due to the large 
residual in the X-ray data for 4 and to address whether the flexible and yet bulky soluble C6H13 
chains should affect the geometry of the central azophenine core, geometry optimizations were 
performed using DFT calculations (B3LYP) for 1, 3 and 4 (using a THF solvent field, Table
 1). In 
all cases, the calculated distances (d(C-NH), 1.365 ± 0.001; d(C=N), 1.305 ± 0.001 Å) and dihedral 
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angles (, 29.1 ± 2.0;’, 54.5 ± 1.3°) are approximately constant, thus confirming that the Tru 
groups do not influence these parameters.   
Table  1. Selected X-ray and DFT data (tw = this work).a  
 
 
[Q] vs  
=NH-C6H4 (°) 
’ [Q] vs  
=N-C6H4 (°) 
d(C-NH) 
(Å) 
d(C=N) 
(Å) 
 1tw 32.1 59.4 1.347 1.321 
 1 DFT 30.9 55.5 1.365 1.304 
 3tw 46.1 56.9 1.373 1.305 
 3 DFT 31.1 55.8 1.365 1.303 
 4tw 30.3 64.4 1.363 1.319 
 4 DFT 27.1 53.4 1.366 1.305 
 1029 30.9 68.4 1.366 1.293 
 927 39.4 70.7 1.414 1.322 
 7 DFT 29.7 — 1.352 — 
 8 DFT — 50.5 — 1.305 
aThe X-ray/DFT data for 1, 3 and 4 are in Figs. S1, S2, S12-16 and Table S1. 
The comparison between the experimental and calculated values is reasonable where the largest 
differences are noted for 3 (: 46.2 vs 31.1) and 4 (’: 65.5 vs 53.4°). So, one expects that these 
species where <’ be red-emitters as well. 
2.2.3.3 Absorption and Emission 
The absorption spectra of the bichromophore 4 in 2MeTHF are compared to those for 6-8
 (Fig. 
4A). The expected charge transfer, CT, bands are clearly visible in the 400-600 nm range,
 along 
with the * features at < 400 nm. The CT band for 4 is broad and its maximum is placed between 
that for 7 and 8. Fluorescence from the manifold (mainly C6H4C≡C and modestly Tru) is 
detected in 4 at 298 K
 (Fig. 4B, blue trace). The model species at 298 K allow for the separation 
into two types of spectra: vibronically resolved (4, 7) and unresolved (6, 8) for these upper energy 
manifolds. All become resolved at 77 K. Except for 7, no other emission is observed above 650 
nm at 298 K (ESI). For 7, a weak and broad signal is detected withmax ~700 nm. 4 and 7 also 
exhibit near-IR fluorescence atmax ~700 nm at 77 K (i.e. on the red side of the CT absorption 
band), but not for 8 (and 6). This experimental feature suggests that the nature of the CT emission 
in 4 stems from the same excited state as that for 7. In the solid state, 4 and 7 also exhibit near-IR 
fluorescence at 298 K, along with the high-energy fluorescence (Fig. 4E and F). Again, 8 (and 6)  
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Fig. 4. Normalized absorption (A) and fluorescence (B) spectra of 4, 6-8 in 2MeTHF at 298 K (77 
K data in Fig. S3). C: Absorption (black), excitation (blue) and emission (red + green) spectra of 
7 at 77 K. D: Excitation (black) and emission (red + green) spectra of 4 at 77 K. The red peaks at 
~730 and ~780 nm are the harmonic of the S2→S0 fluorescence at 365 and 390 nm. Solid state 
absorption (black), excitation (blue) and emission (red) spectra of (E) 7 (F = 37 and 123 ps; 730 
nm) and(F) 4 (F = 20 and 109 ps; 750 nm) as thin films. 
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do not exhibit this feature. To the best of our knowledge, 4 is the only example of an azophenine-
containing species exhibiting emission at room temperature. The fluorescence lifetimes (F) and 
quantum yields (F) are gathered in Table 2 and caption of Fig. 4. At 298 K, the ﬂuorescence 
quantum yield for 6 is 0.79 and decreases to 0.026, 0.0037 and 0.001 for 8, 7 and 4, respectively. 
Bi- or tri-exponential emission decays are noted for 8, 7 and 4 with shorter components (F < 1 ns), 
most likely indicating the presence of various conformations. This observation is consistent with 
that reported for 1 at 77 K (780 nm; TCSPC (F = 0.42 ± 0.03 (65), 1.82 ± 0.05 ns (35%))27 and 
earlier models of PANI in its leucomemeraldine forms, which exhibit dual fluorescence.30-32 The 
relative proportions of the shorter components (i.e. < 1 ns) vary as 8 (24 %) < 7 (34 %) < 4 (39 
%). Moreover, additional shorter components were also noted but could not be resolved with our 
instrumentation (TCSPC and Streak camera; time resolutions of respectively 50 and 8 ps). The 
presence of shorter components makes no surprise as the S1 relaxation of 4-aminodiphenylamine 
oligomers, used as models for leucoemeraldine, occurs via N–C bond twisting at ~1.6 ps.33   
Table  2. Photophysical data for 4, 6-8 in 2MeTHF.  
 2MeTHF, 298 K 2MeTHF, 77 K 
 Fluo (nm) F (ns)a F (%) Fluo (nm) F (ns)a 
6 416 1.08 79 367, 389 0.81 
8 423 b (10.0%) 
0.55 (14.3%), 1.54 (75.7%) 
2.6 403, 433  
0.71 (96.1%) 
1.37 (3.9%) 
7 365, 381 b (10.4%) 
0.47 (23.6%), 1.19 (66.0%) 
0.37 365, 390 b (3.8 %) 
0.65 (71.6%)  
1.07 (24.6%) 
 700 0.013c  690 b (2.2%)  
0.35 (6.7%) 
     1.37 (91.5%) 
4 365, 381 b (9.4%) 
0.41(30.1%), 1.35(60.5%)  
0.11 365, 390 b (6.3%) 
0.59 (55.0%)  
0.99 (38.7%) 
    690 b (2.2%)  
0.67 (13.2%) 
     1.77 (84.6%) 
aComponents that are within the IRF are omitted for simplicity. bF < 50 ps (time resolution 
of the TCSPC). cMeasured with a Streak camera (time resolution ≈ 8 ps).  
65 
 
2.2.3.4 Properties of the near-IR CT fluorescence 
The fluorescence bands for 4 and 7 are strikingly similar in both position and emission kinetic 
(Table 2). This feature unambiguously indicates that the nature of the emitting species is the same. 
This is clearly obvious from the huge spectral gap between the absorption and fluorescence 
maxima, often referred as the Stoke shift, and the Gaussian shape of these signals indicating that 
the 0-0 components are of very weak intensity compared to the (unresolved) vibronic progression. 
There is clearly a significant excited state distortion between their ground (S0) and S1(CT) states. 
Using short oligomers of aniline (dimers and trimers) as models for leucoemeraldine, the presence 
twisted intramolecular charge transfer states, was evoked. This observation explains well the 
discrepancies observed between the calculated and experimental values of the band positions, but 
does hamper the overall conclusion. 
 
Fig. 5. UV-vis absorption, excitation and emission spectra of emeraldine. 
Leucoemeraldine generally exhibits only a fluorescence band in the ~400 nm33 similar to those 
high energy bands shown in Fig. 4C-F. Conversely emeraldine is yet reported to be notoriously 
silent in both solution and solid state at room temperature.34 This property was proposed to arise 
from an efficient quenching of the emissive amine-containing unit by the quinone diimine 
moiety.30  As a model for emeraldine, 4 is with a  1:1 ratio of reduced vs oxidized units and exhibits 
a signal at 400 nm and weak near-IR fluorescence meaning that this quenching is incomplete in 
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this case, and that for emeraldine as well. TheF values of 4 as thin film (20 and 109 ps) are 
perfectly in line with those reported for leucoemeraldine.30 These two observations suggest that 
emeraldine should exhibit a weak signal in the near-IR region, despite literature reports. This 
suspicion urged us to re-examine the emission properties of emeraldine itself which conversely can 
provide insight for the property of the CT emission for 4 and 7. Indeed, a weak fluorescence at 
~780 nm is noted at 77 K exhibiting F ~90 (93%) and 300 ps (6%) (Table S2) which is confirmed 
by the excitation spectrum (blue trace in Fig. 5) superposing approximately well the absorption 
one (the absorption spectrum at 298 K is placed in Fig. S4 and the emission decay at 77 K, in Fig. 
S5; ESI). However, emeraldine turned out non-emissive in solution at 298 K, and as a solid (film) 
at both 298 and 77 K, which is consistent with the general observation in the literature. 
2.2.3.5 Computations 
Because 4 exhibits emissive features resembling that for 7, DFT and TDDFT computations were 
performed. The MO representations and relative atomic contributions to the frontier MOs of 4, 7 
and 8 are respectively placed in Fig. 6, Fig. 7 and Table 3. The HOMO → LUMO transitions leads  
 
Fig. 6. Representations of the frontier MOs of 4 using a THF solvent field (energies in eV). 
to CT “arms-to-central core” processes of the type [TruC≡CC6H4N]→quinone (7), 
[TruC≡CC6H4N]→quinone diimine (8), and [TruC≡CC6H4NH]→azophenine (4). The similarity 
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between the CT processes of 4 and 7 is striking and corroborates well the experimental findings 
(Fig. 4). The rational for this computational outcome arises from the amine arm being electron 
richer than the oxidized imine arm. 
 
Fig. 7. Representations of the frontier MOs of 7 (left) and 8 (right) using a THF solvent field 
(energies in eV). 
This point is also stressed by an increase (not a decrease) of the relative atomic contributions of 
the imine arm upon the HOMO → LUMO transition in 4. TDDFT computations indicate the 
relative position of the CT 0-0 peaks7) < (8) < (4); Table 4. Experimentally, the tail of the 
CT absorption bands (~500 (7) < ~600 (8) < ~610 nm (4); Fig. 4A) also follows this same trend. 
Table  3. Relative atomic contributions (%) of the frontier MOs of 4, 7 and 8.a 
fragment H-1 HOMO LUMO L+1 
model 4 
imine arm 49.6 16.3 22.1 19.3 
amine arm 23.5 46.3 10.2 75.6 
azophenine 27.0 37.3 67.7 5.2 
model 7 
amine arm 90.3 75.9 15.2 94.1 
quinone 9.7 24.1 84.8 5.9 
model 8 
imine arm 91.5 83.3 28.7 94.7 
quinone 8.5 16.7 71.3 5.3 
aImine arm = [TruC≡CC6H4N], amine arm =[TruC≡CC6H4NH]. 
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Table  4. Calculated positions, major contributions and oscillator strength (f) of the lowest energy 
transitions for 4, 7 and 8 (using a THF solvent field). 
# (nm) f Major contribution (%) 
model 4 
1 677 0.012 HOMO→LUMO (97) 
2 619 1.171 HOMO-1→LUMO (97) 
3 556 1.328 HOMO-2→LUMO (97) 
4 522 0.001 HOMO-3→LUMO (96) 
model 7 
1 581 0 HOMO→LUMO (94) 
2 576 1.332 HOMO-1→LUMO (98) 
model 8 
1 664 1.947 HOMO→LUMO (97) 
2 590 0 HOMO-1→LUMO (95) 
 
In addition, 4 exhibits a broader CT absorption band with a longer tail suggesting the presence of 
two components. TDDFT computations (Table 4) report further for 4 that two low-energy 
transitions (HOMO-1→LUMO and HOMO→LUMO; Table 4), occur accounting for the 
[TruC≡CC6H4N] → azophenine and [TruC≡CC6H4NH] → azophenine CT processes, 
respectively. By mo-nitoring the calculated position of the electronic transitions with the largest f 
values (f > 1), one finds (7) < (4) < (8) (Table 4). This trend is also consistent with the observed 
maxima of the CT bands (Fig. 4A). In conclusion, the trends observed in the CT absorption bands 
are reasonably explained by the combination of DFT and TDDFT calculations (Tables 3, 4; see 
Table S3 and Fig. S17 for more transitions).  
2.2.4 Conclusions 
Azophenine exhibits structural characteristics (<’) that would make it a near-IR emitter. 
Concurrently, it is a notoriously known chromophore for being non-emissive. In this work, this 
important motif was rendered fluorescent at 298 K by anchoring four bulky truxene groups at the 
para-position of the phenyl groups. Based on literature, this sudden photophysical activity is most 
likely due to a relative decrease in non-radiative rate constant, namely internal conversion. Based 
on literature on related species, these “deactivating” motions could be torsional modes.33 This 
species provided then the appropriate spectral and kinetic signatures for knowing where and what 
to look for in emeraldine. A revisit of the spectral and photophysical properties of the so-called 
“non-emissive” emeraldine led to the discovery that this mixed-valent polymer is in fact weakly 
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fluorescent in 2MeTHF at 77 K. More importantly, this observation permitted to confirm beyond 
any doubt that azophenine is an appropriate model to predict the properties of the much lesser 
soluble emeraldine polymer. This discovery may indicate what structural modification on PANI 
may be considered to render this important material emissive at 298 K.  
2.2.5 Experimental Section 
Materials 
4-Ethynylaniline, compounds 1 and 5 were prepared according to a literature procedure27, 
28, 35. 1, 4-Benzoquinone, p-toluene-sulfonic acid, copper (I) iodide, ethynyltrimethylsilane, 
PdCl2-(PPh3)2, 1,4-diazabicyclo[2.2.2]-octane (DABCO), TiCl4, triphe-nylphosphine and 
Emeraldine salt (average Mw >15,000, powder (Infusible), 3-100 μm particle size) were 
purchased from Aldrich and were used as received. Solvents were distilled from appropriate 
drying agents. Reagents were used as received. 
Instruments 
The 1H and 13C NMR spectra were collected on a Bruker DRX400 spectrometer using the 
solvent as chemical shift standard. The coupling constant are in Hz. MALDI-TOF mass 
spectra were recorded on a Bruker BIFLEX III TOF mass spectrometer (Bruker Daltonics, 
Billerica, MA, USA) using a 337 nm nitrogen laser with dithranol as matrix. The spectra 
were measured from freshly prepared samples. The absorption spectra in the solution were 
measured on a Varian Cary 300 Bio UV-vis spectrometer at 298 K and on a Hewlett-
Packard 8452A diode array spectrometer with a 0.1 s integration time at 77 K. The steady 
state fluorescence (< 820 nm) and the corresponding excitation spectra were acquired on 
an Edinburgh Instruments FLS980 phosphorimeter equipped with single monochromators, 
or measured by QuantaMaster 400 phosphorimeter from Photon Technology International 
(PTI), which was excited by a Xenon lamp and recorded with a PMT-7-B detector. 
Fluorescence lifetime measurements were made with the FLS908 spectrometer using a 378 
nm picosecond pulsed diode laser (fwhm = 78 ps) as an excitation source. Data collection 
on the FLS980 system was performed by time correlated single photon counting (TCSPC). 
All fluorescence spectra were corrected for instrument response. 
Fast kinetic fluorescence measurements 
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The short components of the fluorescence decays were measured using the output of an 
OPA (OPA-800CF, SpectraPhysics) operating at λex = 490 nm, a pulse width of 90 fs, rep. 
rate = 1 kHz, pulse energy = 1.6 μJ per pulse, spot size ∼ 2 mm, and a Streak camera (Axis-
TRS, Axis Photonique Inc.) with less than 8 ps resolution. The results were also globally 
analysed with the program Glotaran (http://glota-ran.org) permitting to extract a sum of 
independent exponentials ( 𝐼(𝜆, 𝑡) = 𝐶1(𝜆)× 𝑒
−
𝑡1
𝜏 + 𝐶2(𝜆)× 𝑒
−
𝑡2
𝜏 + ⋯ ). 
Quantum yield measurements  
For room temperature measurements, all samples were prepared under an inert atmosphere 
(in a glove box, O2<12 ppm) by dissolution of the different compounds in 2MeTHF using 
1 cm quartz cells with a septum (298 K). Three different measurements (i.e. different 
solutions) were performed for each set of photophysical data (quantum yield). The sample 
concentrations were chosen to correspond to an absorbance of 0.05 at the excitation 
wavelength. Each absorbance value was measured three times for better accuracy in the 
measurements of emission quantum yield. The reference was anthracene (ΦF = 0.28)36. 
Computations 
All density functional theory (DFT) calculations were performed with Gaussian 0937-46 at 
the Université de Sherbrooke with the Mammouth supercomputer supported by Le Réseau 
Québécois De Calculs Hautes Performances. The DFT geometry optimi-sations and Time 
dependant DFT (TD-DFT) calculations37-46 were carried out using the B3LYP method. A 
6-31g* basis set was used for C, H, N atoms47-52. Theoretical UV-visible absorption spectra 
were obtained using GaussSum53, 54. 
Synthesis of 3. To a 100 mL round bottom flask was added 20 mL of DCM. The solvents were 
purged with argon before addition of compound 1 (200 mg, 0.24 mmol). Tetrabutylammonium 
fluoride solution 1.0 M in THF (1 mL, 1 mmol) was then added. The reaction was stirred for 2 
hours prior to quenching with drops of deionized water. The crude product was obtained by 
filtration of the solvent after 20 mL of methanol was added to the flask, dissolving the crude 
product in minimal DCM and repeating the operation again to get the target compound as red solid. 
(118 mg, 91%).  1H NMR (300 MHz, CDCl3) δ 7.30 (d, 2H), 6.59 (d, 2H), 3.81 (s, 2H), 2.95 (s, 
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1H). 13C NMR (76 MHz, CDCl3) δ 137.18, 133.17, 120.65, 92.28, 83.49, 67.98, 25.62. MALDI-
TOF: m/z calculated C38H24N4 (M+H) 536.64, found 537.30. 
Synthesis of 4. To a 50 mL Schlenk tube was added 20 mL of THF. The solvents were purged 
with argon before addition of compound 5 (176 mg, 0.18 mmol), compound 3 (16.2 mg, 0.03 
mmol), Pd2(dba)3 (2.6 mg, 2.8×10
-3 mmol), Ph3As (2.6 mg, 8.5×10
-3 mmol), Et3N (1 mL). The 
resulting solution was stirred at RT. After complete conversion of the starting materials as 
monitored by TLC, the solvent was evaporated. The product was purified on a silica column 
(Hexanes/CHCl3=3/1 as the solvent) to give the compound 4 as red solid. (62 mg, 52%). 
1H NMR 
(300 MHz, CDCl3) δ 8.59 (s, 2H), 8.37 (d, J = 3.7 Hz, 12H), 7.65 (dd, J = 12.8, 8.1 Hz, 16H), 7.40 
(ddd, J = 14.9, 12.8, 4.5 Hz, 26H), 7.17 (d, J = 8.3 Hz, 7H), 6.55 (s, 2H), 3.23 – 2.70 (m, 24H), 
2.10 (dt, J = 15.1, 7.5 Hz, 24H), 1.17 – 0.76 (m, 152H), 0.75 – 0.27 (m, 121H). 13C NMR (76 
MHz, CDCl3) δ 153.80, 153.56, 153.53, 145.40, 145.09, 145.06, 140.69, 140.19, 140.07, 139.63, 
138.59, 138.47, 137.75, 133.73, 132.77, 129.73, 128.66, 128.46, 126.47, 126.04, 125.21, 124.68, 
124.50, 122.18, 120.79, 90.49, 89.64, 55.74, 55.69, 55.64, 53.43, 46.21, 37.08, 36.94, 31.61, 31.56, 
31.49, 29.72, 29.50, 29.08, 23.97, 23.90, 22.68, 22.29, 14.14, 13.92, 13.89, 11.47. MALDI-TOF: 
m/z calculated C290H376N4 (M+H) 3917.92, found 3917.92. 
Synthesis of 6. 4-ethynylaniline (244 mg, 2.08 mmol), PdCl2-(PPh3)2 (75 mg, 0.11 mmol), CuI 
(42 mg, 0.22 mmol), Et3N (30mL), and compound 5 (2.01 g, 2.06 mmol) were subsequently added 
into a 100 mL Schlenk tube under argon atmosphere. The resulting solution was stirred at RT. 
After complete conversion of the starting materials as monitored by TLC, the solvent was 
evaporated. Chromatography on silica gel afforded the target compound as yellow solid. (1.6g, 
81%). 1H NMR (300 MHz, CDCl3) δ 8.36 (dd, J = 13.3, 7.6 Hz, 3H), 7.61 (d, J = 1.3 Hz, 1H), 
7.56 (d, J = 8.2 Hz, 1H), 7.47 (dd, J = 7.6, 5.3 Hz, 3H), 7.44 – 7.33 (m, 5H), 6.70 (d, J = 8.6 Hz, 
2H), 3.86 (s, 2H), 2.96 (dt, J = 19.7, 6.5 Hz, 6H), 2.26 – 1.93 (m, 6H), 1.09 – 0.72 (m, 38H), 0.62 
(td, J = 6.9, 3.3 Hz, 19H), 0.58 – 0.41 (m, 12H). 13C NMR (76 MHz, CDCl3) δ 153.79, 153.65, 
153.61, 146.68, 145.26, 145.11, 145.02, 140.27, 140.22, 138.61, 138.51, 137.92, 130.30, 129.57, 
127.79, 127.72, 127.65, 126.52, 126.07, 125.06, 124.70, 124.49, 122.24, 121.48, 114.87, 112.88, 
90.50, 88.36, 55.74, 55.70, 53.44, 37.16, 37.04, 36.99, 31.60, 31.55, 29.55, 23.98, 22.34, 13.94, 
13.77. MALDI-TOF: m/z calculated C71H95N (M+H) 962.55, found 962.92. 
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Synthesis of 7. Compound 6 (358 mg, 0.37 mmol) and 1, 4-Benzoquinone (19.1 mg, 0.18 mmol) 
were dissolved in 30 mL of DCM, catalytic amount of p-Toluenesulfonic acid was added, the 
reaction was stirred at room temperature. After complete conversion of the starting materials as 
monitored by TLC, the solvent was evaporated. Chromatography on silica gel afforded the target 
compound as red solid. (201 mg, 53 %). 1H NMR (300 MHz, CDCl3) δ 8.39 (d, J = 8.2 Hz, 6H), 
8.22 (s, 2H), 7.67 (dd, J = 7.4, 5.0 Hz, 6H), 7.62 (d, J = 8.1 Hz, 2H), 7.49 (dd, J = 6.7, 2.1 Hz, 4H), 
7.45 – 7.38 (m, 8H), 7.34 (d, J = 8.7 Hz, 4H), 6.25 (s, 2H), 3.16 – 2.81 (m, 12H), 2.28 – 1.94 (m, 
12H), 1.11 – 0.75 (m, 78H), 0.74 – 0.28 (m, 64H). 13C NMR (76 MHz, CDCl3) δ 180.32, 153.86, 
153.61, 153.52, 145.57, 145.52, 145.15, 145.09, 140.99, 140.15, 140.07, 138.64, 138.49, 137.66, 
136.95, 135.39, 134.61, 132.94, 130.04, 129.81, 128.70, 128.23, 126.51, 126.05, 125.25, 124.70, 
124.52, 122.19, 122.02, 121.00, 120.38, 96.83, 91.46, 88.87, 55.74, 55.72, 55.66, 37.12, 36.94, 
31.52, 31.49, 29.49, 23.90, 22.28, 13.88. MALDI-TOF: m/z calculated C148H190N2O2 (M+H) 
2029.16, found 2030.85. 
Synthesis of 8. Compound 6 (234mg, 0.24 mmol) and 116 mg (1.0 mmol) of DABCO were 
dissolved in 25 mL of chlorobenzene while heating to 90 °C. TiCl4 (0.03 mL, 0.27 mmol) was 
added dropwise, followed by the addition of 1, 4-benzoquinone (12.5 mg, 0.12 mmol) and rinsing 
the powder addition funnel with 5 mL of chlorobenzene. The solution was stirred at 115°C for a 2 
h period. The product was isolated by filtering off the precipitate, washed with hot chlorobenzene 
(2 x 10 mL). The solution was evaporated. The solid was dissolved in CHCl3, washed three times 
with water, dried with MgSO4, and filtered. The CHCl3 was completely evaporated leaving only 
the product. The product was purified on a silica column (Hexanes/CHCl3=3/1 as the solvent) to 
give the compound 6 as red solid. (112 mg, 46 %). 1H NMR (300 MHz, CDCl3) δ 8.39 (d, J = 4.4 
Hz, 6H), 7.63 (dt, J = 16.3, 6.8 Hz, 8H), 7.53 – 7.45 (m, 4H), 7.46 – 7.33 (m, 8H), 7.18 (s, 1H), 
7.01 (dt, J = 16.8, 9.9 Hz, 6H), 6.86 (s, 1H), 2.97 (d, J = 6.2 Hz, 12H), 2.11 (d, J = 6.1 Hz, 12H), 
1.10 – 0.74 (m, 78H), 0.74 – 0.33 (m, 64H). 13C NMR (76 MHz, CDCl3) δ 158.50, 158.41, 153.84, 
153.61, 153.53, 149.81, 145.46, 145.11, 140.82, 140.16, 140.10, 138.62, 138.48, 137.92, 137.70, 
136.66, 132.44, 129.76, 126.50, 126.05, 125.38, 125.22, 124.69, 124.63, 124.51, 122.19, 121.12, 
121.06, 121.02, 120.66, 120.62, 120.55, 90.99, 90.94, 89.51, 89.47, 55.71, 55.65, 37.11, 36.94, 
31.96, 31.53, 31.50, 29.73, 29.50, 29.39, 23.91, 22.72, 22.29, 14.15, 13.90. MALDI-TOF: m/z 
calculated C148H190N2 (M+H) 1997.16, found 1998.87. 
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Emeraldine base. Emeraldine salt (1 g) was added to a 100 mL round bottom flask and 60 ml 
NH3•H2O solution (5%) was added. After ultrasonication for 15 min, the reaction was left stirring 
over night at room temperature. Filtering off the base solution and then washed with 200 mL water 
and 100 mL acetone, successively, emeraldine base was got as brown solid. The IR spectrum was 
recorded directly with this solid, while UV-vis, emission and excitation spectrums were measured 
with the solution of emeraldine base, which was obtained by resolving the solid into 2MeTHFand 
filtering off the dissoluble part after ultrasonication for 15 min. IR (cm-1): 1579, 1483, 1377,1317, 
1213, 1157,1018, 833. 
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Figure S1. Stick representations of 1 (left) and 3 (right) inside their unit cells. The 
dichloromethane and methanol molecules and the hydrogen atoms are omitted for clarity. 
 
 
Figure S2. Stick representations of 4 (left; the hydrogen atoms are omitted for clarity) and inside 
the unit cell (the hydrogen atoms alkyl chains, dichloromethane and methanol molecules are 
omitted for clarity). 
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Table S1. Crystal data and structure refinement of compounds 1, 3 and 4. 
Compound 1 3 4 
Formula C52H64N4O2Si4 C20H14Cl2N2 C290H380N4O4 
Formula weight 889.43 353.23 3985.98 
Temp(K) 173(2)  173(2)  173(2)  
Wavelength(Å) 1.54178  1.54178  0.71073  
Crystal size(mm) 0.010 x 0.115 x 0.650  0.040 x 0.050 x 0.540 0.150 x 0.160 x 0.929  
Crystal habit Clear intense pink 
Needle 
Clear intense purple 
Needle 
Translucent dark 
purple Needle 
Crystal system Monoclinic Monoclinic Monoclinic 
Space group C 1 2/c 1 P 1 21/n 1 P 1 21/c 1 
a (Å) 38.446(2) 14.2044(5) 19.6056(17) 
b (Å) 5.7728(3) 6.0526(3) 18.2484(16) 
c (Å) 26.2153(14) 20.7810(8) 36.537(3) Å 
α (deg) 90 90 90 
β (deg) 102.956(4) 106.451(2) 104.497(2) 
γ (deg) 90 90 90 
Volume(Å3) 5670.1(5)  1713.48(12) 12655.7(19)  
Z 4 4 2 
Density (calculated) 1.042 g/cm3 1.369 g/cm3 1.046 g/cm3 
Absorption coefficient 1.263 mm-1 3.416 mm-1 0.060 mm-1 
F(000) 1904 728 4360 
Reflections collected 33991 8918 101846 
Independent reflections 5394 [R(int) = 
0.2965] 
3206 [R(int) = 0.0688] 21121 [R(int) = 
0.1455] 
Maximum θ angle 72.02° 70.72° 26.38° 
Data/restraints/parameters 5394 / 4 / 285 3206 / 0 / 217 21121 / 12 / 1151 
Goodness-of-fit on F2 1.213 1.087 1.266 
R indices（all data） 0.2822/0.4369 0.1402/0.3147 0.4318/0.5143 
Largest diff. peak and hole 0.943 and -0.673 eÅ-3 0.867 and -0.855 eÅ-3 1.130 and -0.985 eÅ-3 
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Figure S3. Comparison of the UV-vis absorption (black), excitation (blue) and emission (red) 
spectra of 4, 6, 7, 8 in 2MeTHF at 298 K (left) and 77 K (right). 
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Figure S4. IR and UV-vis absorption spectra (in 2MeTHF at 298 K) of emeraldine base. 
 
 
Figure S5. Room temperature emission decay trace for emeraldine base (blue) and IRF lamp 
profile (red) in 2MeTHF at 77K.  
Table S2. Lifetime data for emeraldine base in 2MeTHF at 77K. 
Peak number f t (ns) Std t(ns) 
1 92.7 0.092 0.025 
2 5.7 0.297 0.028 
3 1.5 1.009 0.090 
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Figure S6. Optimized geometry for 4 using a THF solvent field (top view). 
 
Figure S7. Representations of the frontier MOs of 4 using a THF solvent field (energies in eV). 
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Figure S8. Optimized geometry of 7 using a THF solvent field (up: side view; down: top view). 
 
Figure S9. Representations of the frontier MOs of 7 using a THF solvent field (energies in eV). 
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Figure S10. Optimized geometry of 8 using THF solvent field (up: side view; down: top view). 
 
 
Figure S11. Representations of the frontier MOs of 8 using a THF solvent field (energies in eV). 
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Fingure S12. Structure overlay of the optimized geometry of 1 using a THF solvent field (DFT; 
turquoise) with the X-ray molecular structure (red).  
 
Fingure S13. Comparison of the CN bond lengths (upper) and dihedral angles between the 
quinone diimine plane and the NH-C6H4 (middle) and C=N-C6H4 groups (down) for the optimized 
geometry by DFT computations using a THF solvent field (left) with of those in the crystal (right) 
for 1. 
 
Fingure S14. Structure overlay of the optimized geometry of 3 using a THF solvent field (DFT; 
turquoise) with the X-ray molecular structure (red). 
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Fingure S15. Structure overlay of the optimized geometry of 4 using a THF solvent field (DFT; 
turquoise) with the X-ray molecular structure (red). 
 
Fingure S16. Comparison of the CN bond lengths (upper) and dihedral angles between the 
quinone diimine plane and the NH-C6H4 (middle) and C=N-C6H4 groups (down) for the optimized 
geometry by DFT computations using a THF solvent field (left) with of those in the crystal (right) 
for 4. 
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Figure S17. Computed positions and oscillator strengths (f) for the 100st electronic transitions for 
4 (left), 7 (middle) and 8 (right) (THF solvent field applied). The black line is generated by 
applying a thickness of 1500 cm-1. For 4, TDDFT was calculated with the structure without alkyl 
chain for saving computation source, from the optimization of 4 with the structure with the alkyl 
chain and without alkyl chain, the geometry difference is very small (see Figure S18 below). 
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Figure S18. Comparison of the dihedral angles formed atoms 1-2-3-4 and 5-6-7-8 in 4 between 
the optimized geometries (DFT using a THF solvent field) with (left) and without (right) alkyl 
chains. 
 
Table S3. Calculated positions, oscillator strengths (f), and major contributions of the pure 
electronic transitions for 4, 7 and 8 using a THF solvent field.  
No. λ (nm) f Major contribs for 4 without chain 
1 677 0.0115 HOMO→LUMO (97%) 
2 619 1.1706 H-1→LUMO (97%) 
3 556 1.3281 H-2→LUMO (97%) 
4 522 0.0011 H-3→LUMO (96%) 
5 470 0.0002 H-8→LUMO (93%) 
6 457 0.0004 H-6→LUMO (100%) 
7 457 0.0004 H-7→LUMO (100%) 
8 456 0.0002 H-4→LUMO (100%) 
9 456 0.0002 H-5→LUMO (100%) 
10 440 0.1462 H-9→LUMO (95%) 
11 417 0.3601 H-10→LUMO (88%) 
12 411 0.0017 H-11→LUMO (87%) 
13 403 1.5237 HOMO→L+1 (86%) 
14 389 0.023 H-1→L+1 (73%) 
15 388 2.5087 H-1→L+3 (10%), HOMO→L+2 (78%) 
16 383 0.0008 H-12→LUMO (86%) 
17 374 0.003 HOMO→L+3 (82%) 
18 370 0.6806 H-13→LUMO (35%), H-1→L+3 (21%), HOMO→L+2 (14%) 
19 369 0.0004 H-1→L+1 (11%), H-1→L+2 (79%) 
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20 363 0.3869 H-13→LUMO (23%), H-1→L+3 (61%) 
21 360 0.1246 H-28→LUMO (15%), H-14→LUMO (27%), H-13→LUMO 
(27%) 
22 359 0.0044 HOMO→L+4 (79%) 
23 354 0.0086 H-2→L+1 (76%), HOMO→L+4 (10%) 
24 351 0 H-23→LUMO (30%), H-19→LUMO (11%), H-15→LUMO 
(36%) 
25 349 0.0021 H-2→L+2 (74%) 
26 349 0.7002 H-14→LUMO (12%), H-3→L+1 (32%), H-1→L+4 (36%) 
27 346 0.2516 H-14→LUMO (10%), H-3→L+2 (19%), H-2→L+3 (41%) 
28 344 0.3744 H-3→L+1 (42%), H-3→L+2 (11%), H-1→L+4 (33%) 
29 341 0.009 H-4→L+1 (31%), H-4→L+3 (19%), HOMO→L+8 (13%) 
30 341 0.0075 H-5→L+1 (31%), H-5→L+3 (19%), HOMO→L+7 (12%) 
31 339 0.0051 H-6→L+1 (11%), H-6→L+2 (24%), H-6→L+3 (10%), H-
6→L+4 (11%), H-1→L+6 (10%) 
32 339 0.0072 H-7→L+1 (11%), H-7→L+2 (24%), H-7→L+3 (11%), H-
7→L+4 (11%), H-1→L+5 (10%) 
33 335 0.1303 H-3→L+2 (49%), H-2→L+3 (34%) 
34 333 0.0097 H-18→LUMO (15%), H-16→LUMO (39%), H-14→LUMO 
(22%) 
35 333 0.0016 H-18→LUMO (20%), H-16→LUMO (52%), H-14→LUMO 
(12%) 
36 332 0.0003 H-19→LUMO (28%), H-15→LUMO (41%) 
37 332 0.0026 H-17→LUMO (72%), H-3→L+3 (11%) 
38 332 0.0001 H-17→LUMO (16%), H-3→L+3 (65%), H-2→L+2 (10%) 
39 331 0.0027 H-30→LUMO (85%) 
40 331 0.0025 H-31→LUMO (73%), H-19→LUMO (11%) 
41 330 0.0002 H-22→LUMO (23%), H-18→LUMO (48%) 
42 329 0.0002 H-23→LUMO (17%), H-21→LUMO (13%), H-20→LUMO 
(50%), H-19→LUMO (10%) 
43 329 0.0004 H-21→LUMO (67%) 
44 329 0 H-23→LUMO (22%), H-20→LUMO (41%), H-19→LUMO 
(21%) 
45 328 0.0557 H-22→LUMO (31%), H-2→L+4 (31%) 
46 327 0.1467 H-22→LUMO (11%), H-2→L+4 (56%) 
47 324 0.0056 H-24→LUMO (84%) 
48 323 0.0053 H-26→LUMO (36%), H-25→LUMO (50%) 
49 323 0.0092 H-27→LUMO (81%) 
50 322 0.0357 H-4→L+1 (13%), HOMO→L+7 (13%), HOMO→L+8 (41%) 
51 322 0.0755 H-5→L+1 (13%), HOMO→L+7 (42%), HOMO→L+8 (14%) 
52 321 0.0093 H-32→LUMO (68%) 
53 320 0.0023 H-33→LUMO (72%), H-3→L+4 (10%) 
54 320 0.0047 H-33→LUMO (11%), H-3→L+4 (73%) 
55 320 0.002 H-32→LUMO (14%), H-28→LUMO (11%), H-25→LUMO 
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(16%), HOMO→L+6 (10%) 
56 320 0.0412 HOMO→L+5 (22%), HOMO→L+6 (28%) 
57 320 0.0672 H-26→LUMO (21%), HOMO→L+5 (20%), HOMO→L+6 
(12%) 
58 319 0.0175 H-8→L+1 (77%) 
59 315 0.0003 H-29→LUMO (48%), H-6→L+1 (20%) 
60 315 0 H-29→LUMO (18%), H-6→L+1 (53%), H-6→L+2 (11%) 
61 314 0 H-7→L+1 (71%), H-7→L+2 (14%) 
62 313 0.0073 H-4→L+1 (33%), H-4→L+2 (44%), H-4→L+3 (13%) 
63 313 0.0627 H-8→L+2 (73%) 
64 312 0.0044 H-5→L+1 (34%), H-5→L+2 (42%), H-5→L+3 (12%) 
65 312 0.0183 H-9→L+1 (12%), H-8→L+3 (10%), H-1→L+5 (32%), 
HOMO→L+5 (23%) 
66 312 0.016 H-9→L+1 (24%), H-8→L+3 (22%), H-1→L+5 (15%), 
HOMO→L+5 (11%) 
67 312 0.0305 H-1→L+6 (47%), HOMO→L+6 (33%) 
68 309 0.0008 H-9→L+1 (39%), H-9→L+2 (22%), H-8→L+3 (25%) 
69 309 0.007 H-1→L+7 (76%), HOMO→L+7 (19%) 
70 309 0.0052 H-1→L+8 (77%), HOMO→L+8 (19%) 
71 306 0.0605 HOMO→L+9 (84%) 
72 306 0.0001 H-4→L+2 (39%), H-4→L+3 (47%) 
73 306 0.0004 H-5→L+2 (39%), H-5→L+3 (48%) 
74 305 0 H-6→L+2 (29%), H-6→L+3 (70%) 
75 305 0 H-7→L+2 (31%), H-7→L+3 (69%) 
76 304 0 H-35→LUMO (69%), H-34→LUMO (13%) 
77 304 0.0001 H-35→LUMO (16%), H-34→LUMO (72%) 
78 303 0.0032 H-9→L+2 (43%), H-8→L+3 (16%), HOMO→L+10 (16%) 
79 303 0.011 H-9→L+2 (14%), H-9→L+3 (12%), HOMO→L+10 (49%) 
80 302 0.0404 H-4→L+3 (12%), H-3→L+8 (12%), H-2→L+8 (46%) 
81 302 0.0331 H-5→L+3 (11%), H-3→L+7 (11%), H-2→L+7 (46%) 
82 301 0.0121 H-6→L+4 (15%), H-3→L+6 (17%), H-2→L+6 (27%), H-
1→L+6 (20%) 
83 301 0.013 H-7→L+4 (15%), H-3→L+5 (17%), H-2→L+5 (27%), H-
1→L+5 (20%) 
84 300 0.0017 H-39→LUMO (21%), H-10→L+1 (12%), H-1→L+10 (21%), 
HOMO→L+11 (21%) 
85 300 0.0056 H-1→L+9 (51%) 
86 299 0.0221 H-38→LUMO (10%), H-9→L+3 (51%), HOMO→L+10 (12%) 
87 299 0.0017 H-37→LUMO (68%), H-36→LUMO (15%) 
88 299 0.0029 H-37→LUMO (13%), H-36→LUMO (73%) 
89 297 0.0359 H-4→L+4 (77%), H-2→L+8 (10%) 
90 297 0.0408 H-6→L+4 (60%), H-2→L+6 (21%) 
91 297 0.0502 H-7→L+4 (61%), H-2→L+5 (21%) 
92 297 0.0293 H-5→L+4 (79%), H-2→L+7 (11%) 
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93 296 0.0014 H-39→LUMO (10%), H-8→L+4 (58%) 
94 296 0.0073 H-38→LUMO (51%), H-28→LUMO (11%), H-9→L+3 (10%) 
95 295 0.0028 H-39→LUMO (18%), H-10→L+1 (38%), H-8→L+4 (20%) 
96 293 0.0042 H-11→L+2 (15%), HOMO→L+13 (24%) 
97 293 0.0024 H-10→L+1 (10%), HOMO→L+11 (29%), HOMO→L+14 
(24%) 
98 292 0.0011 H-10→L+2 (34%), H-1→L+9 (10%), H-1→L+10 (13%) 
99 292 0.0905 HOMO→L+13 (40%) 
100 291 0.0048 HOMO→L+11 (29%), HOMO→L+14 (33%) 
    
No. λ (nm) f Major contribs for 7 
1 581 0 HOMO→LUMO (94%) 
2 576 1.3323 H-1→LUMO (98%) 
3 481 0 H-4→LUMO (84%) 
4 481 0.0006 H-3→LUMO (53%), H-2→LUMO (47%) 
5 481 0 H-3→LUMO (46%), H-2→LUMO (52%) 
6 435 0.4431 H-5→LUMO (95%) 
7 402 0 H-18→LUMO (12%), H-15→LUMO (34%), H-14→LUMO 
(16%), H-6→LUMO (30%) 
8 388 0 H-15→LUMO (27%), H-6→LUMO (57%) 
9 379 2.711 H-1→L+2 (15%), HOMO→L+1 (75%) 
10 370 0 H-1→L+1 (73%), HOMO→L+2 (24%) 
11 366 0.0035 H-21→LUMO (91%) 
12 362 0.046 H-7→LUMO (86%) 
13 353 0 H-8→LUMO (93%) 
14 352 0.0204 H-3→L+1 (19%), H-3→L+2 (17%), H-2→L+1 (29%), H-
2→L+2 (11%) 
15 352 0 H-3→L+1 (29%), H-3→L+2 (11%), H-2→L+1 (19%), H-
2→L+2 (17%) 
16 349 0.015 H-11→LUMO (77%) 
17 346 0 H-10→LUMO (100%) 
18 346 0.0001 H-9→LUMO (96%) 
19 346 0 H-1→L+1 (24%), HOMO→L+2 (73%) 
20 342 0.2191 H-11→LUMO (10%), H-1→L+2 (69%), HOMO→L+1 (11%) 
21 340 0 H-12→LUMO (95%) 
22 339 0.0348 H-13→LUMO (90%) 
23 323 0 H-18→LUMO (31%), H-15→LUMO (28%), H-14→LUMO 
(18%) 
24 323 0.0064 H-17→LUMO (79%) 
25 323 0.1875 H-3→L+1 (10%), H-2→L+1 (16%), H-1→L+4 (29%), 
HOMO→L+3 (31%) 
26 323 0.0001 H-18→LUMO (16%), H-3→L+1 (14%), H-1→L+3 (24%), 
HOMO→L+4 (26%) 
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27 321 0 H-18→LUMO (28%), H-14→LUMO (58%) 
28 321 0.0184 H-4→L+1 (87%) 
29 313 0.0012 H-3→L+1 (11%), H-3→L+2 (18%), H-2→L+1 (12%), H-
2→L+2 (49%) 
30 313 0.0646 H-3→L+1 (12%), H-3→L+2 (50%), H-2→L+1 (11%), H-
2→L+2 (18%) 
31 312 0 H-5→L+1 (46%), H-4→L+2 (44%) 
32 305 0.0027 H-20→LUMO (80%) 
33 305 0 H-19→LUMO (88%) 
34 305 0.0486 H-16→LUMO (72%) 
35 301 0 H-5→L+1 (37%), H-4→L+2 (44%) 
36 300 0.4522 H-3→L+3 (17%), H-3→L+4 (18%), H-2→L+3 (18%), H-
2→L+4 (17%), HOMO→L+5 (15%) 
37 299 0 H-3→L+3 (21%), H-2→L+4 (21%) 
38 299 0.0095 H-1→L+4 (47%), HOMO→L+3 (49%) 
39 299 0 H-1→L+3 (44%), HOMO→L+4 (43%) 
40 297 0.0178 H-5→L+2 (21%), HOMO→L+5 (45%) 
41 292 0 H-1→L+5 (55%), HOMO→L+6 (18%) 
42 291 0.0507 H-5→L+2 (55%), HOMO→L+5 (18%) 
43 286 0.0129 H-5→L+4 (11%), H-4→L+3 (15%), H-2→L+5 (25%), H-
2→L+6 (12%) 
44 286 0.0006 H-5→L+3 (11%), H-4→L+4 (15%), H-3→L+5 (25%), H-
3→L+6 (13%) 
45 283 0.0529 H-7→L+2 (10%), H-6→L+1 (50%) 
46 283 0 H-1→L+7 (28%), HOMO→L+8 (47%) 
47 283 0.0293 H-1→L+8 (27%), HOMO→L+7 (48%) 
48 282 0 H-13→L+1 (11%), H-7→L+1 (21%) 
49 280 0.4742 H-6→L+1 (18%), H-4→L+3 (10%) 
50 280 0 H-5→L+3 (13%), H-4→L+4 (26%), HOMO→L+6 (17%) 
51 280 0.2747 H-12→L+1 (10%), H-5→L+4 (11%), H-4→L+3 (25%) 
52 280 0 H-1→L+5 (12%), HOMO→L+6 (44%) 
53 278 0.0816 H-1→L+6 (67%), HOMO→L+5 (14%) 
54 277 0 H-2→L+3 (59%), H-2→L+4 (39%) 
55 277 0 H-3→L+3 (40%), H-3→L+4 (59%) 
56 276 0 H-7→L+1 (22%), H-6→L+2 (35%) 
57 271 0.0464 H-11→L+2 (12%), H-8→L+1 (54%), H-7→L+2 (12%) 
58 270 0 H-11→L+1 (32%), H-8→L+2 (23%), H-7→L+1 (15%) 
59 269 0 H-31→LUMO (10%), H-24→LUMO (71%) 
60 269 0.006 H-23→LUMO (94%) 
61 269 0 H-22→LUMO (94%) 
62 268 0.0141 H-10→L+1 (60%), H-9→L+2 (26%) 
63 268 0 H-10→L+2 (28%), H-9→L+1 (61%) 
64 266 0.0385 H-25→LUMO (45%), H-1→L+8 (14%) 
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65 265 0.0439 H-25→LUMO (26%), H-4→L+5 (13%) 
66 265 0 H-11→L+1 (13%), H-7→L+1 (13%), H-6→L+2 (20%), H-
1→L+7 (21%), HOMO→L+8 (11%) 
67 265 0 H-7→L+1 (12%), H-6→L+2 (17%), H-1→L+7 (27%), 
HOMO→L+8 (17%) 
68 264 0.0179 H-1→L+8 (33%), HOMO→L+7 (20%) 
69 264 0 H-5→L+3 (27%), H-4→L+4 (27%), H-1→L+7 (10%) 
70 263 0.0374 H-5→L+4 (27%), H-4→L+3 (20%), H-4→L+5 (16%), 
HOMO→L+9 (10%) 
71 262 0.0067 HOMO→L+9 (27%) 
72 262 0 H-5→L+3 (20%), H-5→L+5 (10%), H-4→L+6 (10%) 
73 260 0 H-11→L+1 (11%), H-1→L+9 (14%) 
74 260 0.0131 H-3→L+5 (13%), H-3→L+6 (24%), H-2→L+5 (20%), H-
2→L+6 (15%) 
75 260 0 H-3→L+5 (19%), H-3→L+6 (16%), H-2→L+5 (12%), H-
2→L+6 (25%) 
76 260 0.0268 H-10→L+3 (12%), H-9→L+4 (10%) 
77 259 0 H-26→LUMO (96%) 
78 259 0.0029 H-27→LUMO (90%) 
79 259 0 H-1→L+9 (26%) 
80 258 0.0572 H-4→L+5 (27%) 
81 258 0.0024 H-20→L+2 (32%), H-19→L+1 (49%) 
82 258 0 H-20→L+1 (51%), H-19→L+2 (33%) 
83 257 0.0794 H-7→L+2 (33%) 
84 255 0 H-5→L+5 (22%), H-4→L+6 (34%) 
85 253 0 H-11→L+1 (19%), H-8→L+2 (61%), H-7→L+1 (10%) 
86 253 0.0156 H-11→L+2 (36%), H-8→L+1 (17%) 
87 253 0 H-31→LUMO (73%), H-24→LUMO (13%) 
88 252 0.0031 H-30→LUMO (51%), H-28→LUMO (19%) 
89 252 0.0098 H-3→L+10 (18%), H-2→L+9 (14%), H-2→L+10 (13%) 
90 252 0 H-3→L+9 (14%), H-3→L+10 (13%), H-2→L+10 (19%) 
91 252 0 H-13→L+1 (11%), H-1→L+9 (12%), HOMO→L+10 (30%) 
92 251 0.0245 H-1→L+10 (12%), HOMO→L+13 (17%) 
93 251 0 H-10→L+2 (64%), H-9→L+1 (30%) 
94 251 0.01 H-10→L+1 (30%), H-9→L+2 (58%) 
95 250 0.1197 H-12→L+1 (25%), H-11→L+2 (13%), H-1→L+12 (12%), 
HOMO→L+11 (10%), HOMO→L+13 (12%) 
96 250 0 H-13→L+1 (23%), H-1→L+13 (18%), HOMO→L+12 (22%) 
97 250 0.0881 H-1→L+14 (29%), HOMO→L+15 (33%) 
98 250 0 H-1→L+15 (31%), HOMO→L+14 (31%) 
99 249 0 H-29→LUMO (92%) 
100 249 0.007 H-30→LUMO (26%), H-28→LUMO (71%) 
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No. λ (nm) f Major contribs for 8 
1 664 1.9468 HOMO→LUMO (97%) 
2 590 0 H-1→LUMO (95%) 
3 508 0.0002 H-3→LUMO (21%), H-2→LUMO (79%) 
4 508 0.0005 H-3→LUMO (79%), H-2→LUMO (21%) 
5 474 0.1371 H-4→LUMO (93%) 
6 464 0 H-5→LUMO (82%) 
7 387 0 H-11→LUMO (37%), H-7→LUMO (34%), H-5→LUMO (13%) 
8 385 0.0163 H-6→LUMO (77%) 
9 376 3.1451 H-14→LUMO (19%), H-1→L+1 (25%), HOMO→L+2 (43%) 
10 373 0 H-1→L+2 (10%), HOMO→L+1 (87%) 
11 366 0 H-11→LUMO (27%), H-7→LUMO (60%) 
12 365 0.0007 H-8→LUMO (77%), H-6→LUMO (13%) 
13 360 0 H-9→LUMO (92%) 
14 360 0.0001 H-10→LUMO (92%) 
15 354 0.0013 H-12→LUMO (88%) 
16 354 0 H-13→LUMO (78%), H-11→LUMO (17%) 
17 352 0 H-15→LUMO (95%) 
18 351 0.044 H-16→LUMO (53%), H-14→LUMO (35%) 
19 349 0 H-3→L+2 (22%), H-2→L+1 (31%) 
20 349 0.0156 H-3→L+1 (31%), H-2→L+2 (22%) 
21 344 0.0535 H-1→L+1 (63%), HOMO→L+2 (34%) 
22 335 0 H-1→L+2 (84%), HOMO→L+1 (10%) 
23 332 0.0716 H-20→LUMO (29%), H-16→LUMO (11%), HOMO→L+2 (16%) 
24 326 0 H-21→LUMO (62%), H-17→LUMO (29%) 
25 323 0 H-2→L+1 (19%), H-1→L+4 (10%), HOMO→L+3 (28%), 
HOMO→L+4 (22%) 
26 323 0.2233 H-3→L+1 (20%), H-1→L+3 (10%), HOMO→L+3 (22%), 
HOMO→L+4 (29%) 
27 321 0 H-19→LUMO (76%) 
28 321 0.0002 H-18→LUMO (89%) 
29 320 0 H-21→LUMO (31%), H-17→LUMO (54%) 
30 313 0.0473 H-20→LUMO (37%), H-16→LUMO (19%), H-14→LUMO (14%) 
31 309 0 H-5→L+2 (10%), H-4→L+1 (69%) 
32 309 0.0233 H-3→L+1 (26%), H-3→L+2 (13%), H-2→L+2 (50%) 
33 309 0 H-3→L+2 (44%), H-2→L+1 (23%), H-2→L+2 (11%) 
34 302 0.0486 H-5→L+1 (32%), H-4→L+2 (29%) 
35 300 0 H-1→L+3 (19%), H-1→L+4 (25%), HOMO→L+3 (15%), 
HOMO→L+4 (11%) 
36 300 0.069 H-1→L+3 (32%), H-1→L+4 (24%), HOMO→L+3 (13%), 
HOMO→L+4 (17%) 
37 300 0 H-3→L+4 (25%), H-2→L+3 (25%), HOMO→L+5 (16%) 
38 299 0.3644 H-3→L+4 (33%), H-2→L+3 (33%) 
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39 295 0 H-3→L+4 (11%), H-2→L+3 (11%), HOMO→L+5 (57%) 
40 291 0.0348 H-5→L+1 (48%), H-4→L+2 (47%) 
41 287 0.0896 H-1→L+5 (20%), HOMO→L+6 (40%) 
42 286 0 H-5→L+2 (78%) 
43 284 0 H-4→L+3 (10%), H-3→L+6 (15%), H-2→L+5 (21%) 
44 284 0.0051 H-4→L+4 (10%), H-3→L+5 (22%), H-2→L+6 (15%) 
45 283 0 HOMO→L+7 (78%) 
46 280 0 H-12→L+1 (14%), H-6→L+1 (10%), H-1→L+10 (10%), 
HOMO→L+12 (11%) 
47 280 0.145 H-13→L+1 (11%), HOMO→L+10 (15%) 
48 279 0.0876 H-1→L+5 (51%), HOMO→L+6 (26%) 
49 278 0 H-4→L+3 (20%), H-4→L+4 (15%) 
50 278 0.4971 H-4→L+3 (14%), H-4→L+4 (18%) 
51 277 0 H-3→L+3 (90%) 
52 277 0 H-2→L+4 (90%) 
53 277 0 H-22→LUMO (94%) 
54 277 0.0378 H-23→LUMO (94%) 
55 276 0.0316 H-1→L+7 (14%), HOMO→L+8 (60%) 
56 276 0 H-26→LUMO (12%), H-1→L+6 (51%) 
57 273 0 H-32→LUMO (10%), H-26→LUMO (37%), H-6→L+1 (10%), H-
1→L+6 (16%) 
58 272 0 H-7→L+2 (14%), H-6→L+1 (43%) 
59 271 0 H-1→L+8 (14%), HOMO→L+11 (56%) 
60 271 0.0939 H-7→L+1 (42%), H-6→L+2 (22%) 
61 268 0.0026 H-27→LUMO (57%), H-25→LUMO (21%) 
62 267 0 H-24→LUMO (93%) 
63 267 0 H-11→L+2 (13%), H-8→L+1 (46%) 
64 266 0.0057 H-25→LUMO (72%) 
65 266 0.0326 H-10→L+1 (16%), H-10→L+2 (12%), H-9→L+1 (22%) 
66 265 0 H-10→L+1 (34%), H-10→L+2 (13%), H-9→L+1 (25%), H-9→L+2 
(18%) 
67 265 0.0319 H-11→L+1 (23%), H-9→L+1 (12%), H-8→L+2 (14%) 
68 264 0.002 H-1→L+7 (58%), HOMO→L+8 (11%) 
69 262 0 
 
70 261 0.0215 
 
71 261 0 H-26→LUMO (14%), H-8→L+1 (10%), HOMO→L+9 (16%) 
72 259 0.0869 H-10→L+4 (14%), H-9→L+3 (14%) 
73 259 0 H-10→L+4 (15%), H-9→L+3 (15%) 
74 259 0 H-5→L+3 (18%), H-5→L+4 (23%), H-4→L+3 (11%) 
75 259 0.0305 H-5→L+3 (27%), H-5→L+4 (21%), H-4→L+4 (11%) 
76 258 0 H-32→LUMO (22%), HOMO→L+9 (12%) 
77 257 0.0226 H-3→L+5 (30%), H-3→L+6 (10%), H-2→L+6 (38%) 
78 257 0 H-3→L+6 (36%), H-2→L+5 (29%) 
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79 257 0.0058 H-37→LUMO (15%), H-29→LUMO (25%) 
80 256 0 H-28→LUMO (91%) 
81 256 0.0006 H-29→LUMO (71%) 
82 256 0.0209 H-7→L+1 (12%), H-6→L+2 (39%) 
83 256 0 H-19→L+2 (15%), H-18→L+1 (48%), H-17→L+2 (18%) 
84 255 0.0035 H-19→L+1 (19%), H-18→L+2 (25%), H-17→L+1 (20%), H-
6→L+2 (14%) 
85 255 0 H-1→L+8 (67%), HOMO→L+11 (20%) 
86 254 0 H-7→L+2 (28%), H-4→L+5 (26%) 
87 254 0 H-7→L+2 (16%), H-4→L+5 (32%) 
88 253 0.0024 H-37→LUMO (19%), HOMO→L+13 (19%) 
89 253 0 H-31→LUMO (13%), H-30→LUMO (78%) 
90 253 0 H-31→LUMO (78%), H-30→LUMO (13%) 
91 252 0.0007 H-1→L+11 (68%), HOMO→L+8 (13%) 
92 252 0 H-3→L+10 (10%), HOMO→L+14 (24%), HOMO→L+16 (15%) 
93 252 0.0479 H-1→L+16 (15%), HOMO→L+15 (40%) 
94 251 0 H-1→L+15 (14%), HOMO→L+14 (22%), HOMO→L+16 (21%) 
95 251 0 H-36→LUMO (23%), H-34→LUMO (57%), H-32→LUMO (16%) 
96 251 0.0001 H-35→LUMO (23%), H-33→LUMO (73%) 
97 251 0.0588 H-13→L+1 (16%), H-1→L+9 (19%), HOMO→L+10 (39%) 
98 251 0 H-12→L+1 (25%), HOMO→L+12 (33%) 
99 251 0.0154 H-35→LUMO (12%), H-3→L+9 (10%), H-2→L+10 (15%), 
HOMO→L+15 (10%) 
100 251 0.0033 H-35→LUMO (47%), H-33→LUMO (18%) 
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H1 NMR, C13 NMR and MALDI-TOF spectra 
 
Figure S19. 1H NMR spectrum of 3 (CDCl3, 300 MHz, 298 K). 
 
 
Figure S20. 13C NMR spectrum of 3 (CDCl3, 76 MHz, 298 K). 
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Figure S21. MALDI-TOF spectrum of 3. 
 
Figure S22. 1H NMR spectrum of 4 (CDCl3, 300 MHz, 298 K). 
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Figure S23. 13C NMR spectrum of 4 (CDCl3, 76 MHz, 298 K). 
 
Figure S24. MALDI-TOF spectrum of 4. 
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Figure S25. 1H NMR spectrum of 6 (CDCl3, 300 MHz, 298 K). 
 
Figure S26. 13C NMR spectrum of 6 (CDCl3, 76 MHz, 298 K). 
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Figure S27. MALDI-TOF spectrum of 6. 
 
Figure S28. 1H NMR spectrum of 7 (CDCl3, 300 MHz, 298 K). 
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Figure S29. 13C NMR spectrum of 7 (CDCl3, 76 MHz, 298 K). 
 
Figure S30. MALDI-TOF spectrum of 7. 
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Figure S31. 1H NMR spectrum of 8 (CDCl3, 300 MHz, 298 K). 
 
Figure S32. 13C NMR spectrum of 8 (CDCl3, 76 MHz, 298 K). 
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Figure S33. MALDI-TOF spectrum of 8. 
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CHAPTER 3 
Luminescent Organometallic Complexes Built Upon the Non-emissive 
Azophenine 
3.1 Project Outline 
In Chapter 2, azophenine now used as a model for emeraldine base was rendered more emissive 
by anchoring four hexyl-truxene pendants to decrease the non-radiative rotational processes 
around the C-N bond. In Chapter three, in order to explore the triplet state property of azophenine, 
an organometallic fragment, trans-Pt(PBu3)2(C≡C)2-, was inserted into as branches onto the 
azophenine to exploit the expected heavy-atom effect, which is known to increase the rate for inter-
system crossing. On a synthetic point of view, the Pt-C bond is strong enough to consider it as a 
covalent bond. This situation allows for a synthetic route preventing the Pt atom to coordinate the 
N-atoms of the azophenine. 
The presence of the intra-molecular H-bonds also improves somewhat the rigidity of the whole 
molecule and the “lock” effect provided by the four pendant groups mentioned in the previous 
Chapter. These two features are favorable to increase both the singlet and triplet excited state 
lifetimes, and consequently, giving a better chance to observe both fluorescence and 
phosphorescence originating from the azophenine core (i.e. 3,1CT*). However, no 
phosphorescence was observed meaning that another approach will be needed in the future. During 
the course of this study, a tautomerisation process was observed and investigated. This 
phenomenon is driven by the type of conjugation of the resulting tautomer and has a consequence 
on the subsequent step of synthesis. 
This project was all performed at the Université de Sherbrooke. The synthesis of the compounds 
was carried out by Lei Hu. The X-ray single crystal analysis was performed by Dr. Daniel Fortin. 
The routine photophysical measurements and analysis of the compounds were performed by Lei 
Hu. Ultrafast time-resolved spectroscopy and the corresponding data analysis (i.e. reports) were 
carried out by Paul-Ludovic Karsenti and Shawkat M. Aly, respectively. The DFT calculations 
were performed at the Université de Sherbrooke by Lei Hu. The first draft of the manuscript was 
prepared by Lei Hu. The final version was corrected by Prof. Pierre D. Harvey. 
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This work was published in the Organometallics, by Hu Lei, Shawkat M. Aly, Paul-Ludovic 
Karsenti, Daniel Fortin and Pierre D. Harvey, 2017, 36(3), 572-581. DOI: 
10.1021/acs.organomet.6b00789.  
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Département de chimie, Université de Sherbrooke, Sherbrooke, PQ, Canada J1K 2R1 
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3.2.1 Abstract 
Azophenine, C6H2(=N-Ph)2(NH-Ph)2 is known to be non-emissive in solution or in the solid state 
at 298 and 77 K. It was rendered luminescent in solution at room temperature without using any 
cyclisation strategy of the N^N end by anchoring two or four trans-RC≡CPt(PBu3)2(C≡C) units (R 
= hexa(n-hexyl)truxene (Tru)) on the azophenine. The complexes of the general formula 
C6H2(=NC6H4C≡CSiMe3)2(NHPtTru)2(DiPtTruQ) and C6H2(=NPtTru)2(NHPtTru)2(TertPtTr 
uQ) where Pt = trans-C6H4C≡CPt(PBu3)2C≡C exhibit fluorescence (420 nm) and phosphorescence 
(512 nm) bands arising from upper localized */C6H4C≡C-to-TruC≡C charge transfer singlet 
and triplet excited states in 2MeTHF at 298 and 77 K. This latter assignment is based on DFT 
computations (B3LYP). Moreover, DiPtTru and TertPtTru exhibit low-energy absorption bands 
with maxima in the 470-485 nm range extending all the way to 600-650 nm. These spectral features  
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are associated with charge transfer (CT) excited states namely TruPt→Q (Q = C6H2N2(NH)2). No 
emission band (fluorescence or phosphorescence) associated with these CT states has been detected 
at 298 K, but weak fluorescence bands (max ~750 nm) decaying in the ps time scale have been 
observed in both cases. Biexponential decays were also often noted and likely reflect the presence 
of the possible conformers associated with the two possible dihedral angles made by the C6H4 plane 
and the central C6H2N2(NH)2 core. No evidence for electron transfer between the TruPt arms and 
Q was observed.   
3.2.2 Introduction 
Azophenine (Chart. 1) is an electro-active blue dye exhibiting an H-tautomeric behavior,1 which 
can be induced by the presence of a coordinated metal.2 Transition metal complexes of azophenine 
and its related species are common,3 and some exhibit interesting magnetic properties4 and 
catalysis.5 This substrate is notoriously non-emissive, but rendering it rigid through structural 
modification, notably by forming one or two cycles on the N^N end, luminescence has been 
observed in the solid state6 and in solution7 on two occasions. Moreover,
 the number of azophenine 
species bearing an organometallic fragment is rather small (~3 examples).1, 8 In our quest to 
synthetize stable photosensitive charge transfer molecular devices to be used in solar energy 
conversion systems like mimics of the purple bacteria, photoconversion of water to oxygen and 
hydrogen ‘’water splitting’’, or direct photocurrents solar cells from light harvesting 
organometallic chromophores through charge transfer complexes, we recently reported that 
azophenine can also be a good candidate to play the role of ubiquinone or polyaniline reduced and 
oxidized forms for energy storage and/or transport purposes.9 In this earlier work, depending on 
the N-group, either a higher energy fluorescence arising from upper excited states located in the 
SiMe3C6H4C≡C group or lower energy near-IR fluorescence arising from a charge transfer excited 
state (SiMe3C6H4C≡C→quinone diamine center), were observed in glassy matrices at 77 K only. 
Noteworthy, no cycle promoting rigid structures was used to achieve this emissive behaviour. In 
order to promote charge transfer and light harvesting capabilities to the azophenine, we synthetized 
and anchored two or four trans- (hexa(n-hexyl)truxene)C≡CPt(PBu3)2(C≡C)- chromophore groups 
onto the central azophenine (Chart 1). As predicted, we find new low energy charge transfer 
absorption bands (TruPt→Q), and like rigidity does, the large pending groups promote the higher 
exited states deactivation via luminescence.  
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We now report the synthetic steps to anchor large organometallic light harvesting antenna to an 
azophenine redox centre to promote charge transfer (Scheme 1), and the first organometallic 
azophenine complexes emissive in solution at 298 K, which also exhibit weak near-IR fluorescence 
in 2MeTHF at 77 K. Their optical properties using ultrafast time-resolved spectroscopy, and the 
nature of their excited states addressed by DFT computations (B3LYP), are provided. 
 
Chart 1. Structures of azophenine, TruPt, DiTruPtQ and TertTruPtQ. 
3.2.3 Results and Discussion 
3.2.3.1 Synthesis 
The syntheses of TruPt, DiTruPtQ and TertTruPtQ proceed in several steps from the known 
compounds 1,9 4,10 and 6,11 respectively. After a Sonagashira cross-coupling reaction and a 
deprotection of the ethynyl function, the resulting alkynyl truxene is reacted with trans-
PtCl2(PBu3)2 to afford compound 3. TruPt was obtained by coupling 4-ethynylaniline with 3. 
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Concurrently, compounds 7 and 8 were obtained by reacting compound 6 with respectively 4-
ethynylaniline and 4-((triisopropylsilyl)ethynyl)aniline overnight in DCM with p-toluenesulfonic 
acid as the catalyst at room temperature. After the removal of the trimethylsilane group, 
compounds 5 and 7 were coupled with 3 at 110 °C in Et3N to respectively afford the target 
DiTruPtQ and TertTruPtQ complexes.  
 
Scheme 1. Synthesis of TruPt, TIPSQ, (TIPS = triipropylsilane), DiTruPtQ and TertTruPtQ. 
Reagents and conditions: (i) ethynyltrimethylsilane, PdCl2(PPh3)2, CuI, Et3N, R.T., 80%; (ii) a. 
TBAF, DCM, R.T., 91%; b. PtCl2P(Bu3)2, CuI, THF, Et3N, R.M, 2h, 54%; (iii) 4-ethynylaniline, 
CuI, Et3N, THF, R.M, 2h, 95%; (iv) K2CO3, DCM/MeOH, R.M, 2h, 91%; (v) 3, Et3N, 110 °C, 
overnight, 85%; (vi) 4-ethynylaniline, DCM, cat. p-toluenesulfonic acid, 53 %. 
The formation of the desired DiTruPtQ and TertTruPtQ polynuclear complexes was confirmed 
by 1H, 31P NMR and MALDI-TOF spectroscopy where the presence of the electron rich arms, the 
unconjugated ,'-NH-p-TruPt and conjugated N, N'-p-TruPt, and the central azophenine, were 
observed (Supporting Information; SI). 31P NMR spectra exhibit a single resonance near 3 ppm 
with 31P-195Pt satellites providing 1J coupling constants of ~2370 ppm confirming the trans-
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geometry about the Pt atoms.12 Interestingly, TertTruPtQ exhibits a single resonance and not two 
expected signals for the oxidized imine and reduced amine functions (Fig. 1). This result suggests 
that either the signal is nearly identical in both cases (simply because the P atoms are localed far 
away from the imine and amine groups) and a strong peak overlap occurs, or there is only one 
species in solution. 
 
Fig. 1. 31P NMR spectrum for TertTruPtQ in CDCl3 at room temperature. 
During the course of this study, two partially deprotected intermediates were analyzed by X-ray 
crystallography (7 and TIPSQ, Fig. 2). The functionalization of compound 6 by 4-ethynylaniline 
to form 7 was indeed observed. Although the synthetic strategy aimed at fixing the unprotected 
(desilanated) amine arms onto the central quinone diamine, which is indicated as “expected 
structure” in Fig. 2, an H-tautomerisation was in fact observed. The “unprotected” arms were found 
on the imine sides of the azophenine central core, not the amine segments. This observation is 
based on the measured shorter C=N and longer C-NH bond distances (Fig. 2). For TIPSQ, the 
“unprotected” arms are found on the imine sides as well, which is consistent with the conjugation 
effect of the electron rich amine onto the ethynyl group. The combined conclusions of these two 
X-ray structures indicate unambiguously that the imine side of the azophenine is selectively subject 
to desilanation. This result is particularly useful in establishing the structure of the target model 
complex DiTruPtQ (step v). 
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Fig. 2. X-ray structures of 7 (bottom left) and TIPSQ (bottom right). The selected distances are in 
Å. The arrow above indicates the presence of tautomerisation.  
3.2.3.2 Photophysical characterization 
The absorption spectra of 4, TruPt, DiTruPtQ and TertTruPtQ in 2MeTHF exhibit intense 
bands in the 250-400 nm range with extinction coefficients in the order of 104-105 mol-1 cm-1 (Fig. 
3 (top); Table 1). The relatively narrow band at 295-308 nm is observed for all compounds and is 
due to a truxene-centered π-π* transition.13 The peak ranging from 320 to 380 nm is also attributed 
to a π−π* transition and is associated with an increased conjugation in comparison with truxene.14 
A literature report on the related non-emissive trans-[Pt(PEt3)2(C≡CPh)]2 complex in solution at 
298 K assigned the absorption band in the 300-360 nm range to a metal-to-ligand charge transfer 
(MLCT) transitions mixed with LMCT (ligand-to-metal charge transfer) where ligand = PhC≡C‾.15 
For TruPt, the similarity of the absorption spectra with that for trans-Pt(PEt3)2(C≡CPh)2 suggests 
a similar situation. The nature of the singlet excited state for TruPt was addressed by DFT (B3LYP; 
Fig. 4) and TDDFT
 calculations. The HOMO exhibits a -system with atomic contributions 
distributed over Tru(C≡C), trans-Pt(Bu3P)2 and NH2C6H4C≡C as expected with a larger amount 
on the NH2C6H4C≡C residue (Table 2). Conversely, the LUMO exhibits a -system with atomic 
contributions also spreading over Tru(C≡C) and trans-Pt(Bu3P)2 but with a higher amount on the 
TruC≡C fragment. Consequently, a HOMO→LUMO transition would result in a * excited state 
with a strong charge transfer character (NH2C6H4C≡C→C≡CTru).  
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Fig. 3. Absorption (top) and emission (bottom) spectra for TruPt (black), DiTruPtQ (red), 
TertTruPtQ (green) and compound 4 (blue, for absorption) in 2MeTHF at 298 K. 
Table 1. UV−vis absorption data for TruPt, DiTruPtQ and TertTruPtQ in 2MeTHF at 298 K. 
 λabs (nm) (ε (104 M-1cm-1)), 2MeTHF (298K) 
TruPt 262(3.2), 269(3.4), 282(3.7), 294(4.2), 308(3.7), 351(4.9), 361(4.6) 
DiTruPtQ 263(9.6), 269(9.6), 281(9.7), 295(11.6), 308(12.4), 349(14.9), 361(12.8), 
483(2.2) 
TertTruPtQ 262(13.4), 271(13.5), 282(14.8), 295(18.6), 309(18.8), 351(25.5), 362(24.3), 
471(3.6) 
TDDFT places the computed lowest energy transitions at 394 nm (f ~ 1.37), and the third one with 
a significant oscillator strength at 341 nm (f ~ 0.40). These values are consistent with the 
experimental spectrum (Fig. 3 (top; black trace)). 
A graph reporting the computed f vs  for the first 100 transitions is placed in the SI for 
convenience. TruPt is weakly fluorescent and phosphorescent at 298 K (Fig. 3 (bottom; black 
trace), the spectra at 77 K are placed in the SI). These assignments are based on the time scales 
(Table 4; short ns and s, respectively) and the spectral gap between the lowest energy absorption 
band (shoulder at 380 nm) and the emission peaks at 420 and 512 nm, respectively. The nature of 
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the phosphorescence was also addressed by DFT by examining the low and high semi-occupied 
molecular orbitals (LSOMO and HSOMO; Fig. 5).  
 
Fig. 4. Representations of the frontier MOs of TruPt in its optimized geometry using THF as a 
solvent field (energies in eV). 
Table 2. Computed atomic orbital contributions of the frontier MOs for the various fragments of 
TruPt. 
TruPt (singlet, S0) H-4 H-3 H-2 H-1 HOMO LUMO L+1 L+2 
NH2C6H4C≡C 20.12 38.11 0.00 27.94 58.83 4.78 0.00 19.83 
trans-Pt(Bu3P)2 29.09 32.21 0.00 8.80 19.34 13.85 0.04 34.45 
TruC≡C 50.79 29.69 100.00 63.26 21.84 81.37 99.95 45.72 
Table 3. Computed positions (), oscillator strength (f), and major contributions (in %) for the 
first five electronic transitions in TruPt. The data for the first 100 transitions are placed in the SI. 
No. λ (nm) f Major contributions for TruPt (%) 
1 394 1.3748 HOMO→LUMO (92) 
2 358 0.0076 HOMO→L+1 (86) 
3 341 0.3989 H-1→LUMO (74) 
4 331 0.0556 HOMO→L+2 (82) 
5 325 0.0003 H-2→LUMO (29), H-1→L+1 (50), HOMO→L+1 (13) 
The comparison of the LSOMO and HSOMO (Fig. 5) with the HOMO and LUMO (Fig. 4) 
indicates that the nature of the emissive triplet state is also * excited state with a strong charge 
transfer character (NH2C6H4C≡C→TruC≡C). Upon cooling the solution to 77 K, both emission 
lifetimes increased consistent with the increase in medium rigidity. However, the increase in 
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phosphorescence lifetime, P, is significant (~1 order of magnitude) meaning that molecular 
motions deactivating the singlet states at 298 K are precluded in the more rigid medium at 77 K. 
The exact nature of these motions (perhaps rotational twisting of the Tru-C≡C-C6H4 frame) is 
difficult to identify at this point. The relatively low intensity of the fluorescence in comparison 
with the phosphorescence is readily explained by the presence of heavy atom effect (i.e. Pt). 
Table 4. Photophyscial data for TruPt, DiTruPtQ and TertTruPtQ in 2MeTHF at 298 and 77 
K. 
 λem (nm) 
298 K 
ema (2) 
298 K  77 K  
TruPt 
420 0.13 ns (1.08) 0.28 ns (1.17) 
512 30.3 s (1.08) 320 s (1.06) 
DiTruPtQ 
420 0.30 ns (1.04) 1.0 ns (1.12) 
512 
11.9 s (18 %), 27.0 s (82 %) 
(0.93) 
240 s (1.06) 
750 
 104 and 476 ps (Streak 
camera) 
TertTruPtQ 
420 0.31 ns (1.11) 0.28 ns (1.15) 
512 
12.3 s (15 %), 44.5 s (85 %) 
(1.07) 
230 s (1.03) 
750 
 86.9 and 330 ps (Streak 
camera) 
a (± 10%). 
 
Fig. 5. Representations of the frontier LSOMO and HSOMO for TruPt in its optimized geometry 
(triplet T1) using THF as a solvent field (energies in eV). The relative atomic contributions of the 
LSOMO and HSOMO are respectively 63.20, 15.12 and 21.68 % and 2.51, 7.64 and 89.86 % for 
the NH2C6H4C≡C, trans-Pt(Bu3P)2, and TruC≡C, respectively. 
For DiTruPtQ and TertTruPtQ, the same spectral and photophysical signatures are observed as 
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for TruPt (Fig. 3, Table 1), except for two main features. First, the two former complexes exhibit 
lower energy absorption bands with maxima at respectively 483 and 471 nm extending all the way 
to 600-650 nm, which strongly overlap with the upper energy fluorescence and phosphorescence 
bands. Moreover, bi-exponential decays are observed at 298 K for the phosphorescence. DFT 
computations (representations of the frontier MOs, representations of the semi-occupied MOs, 
computed atomic orbital contributions of the frontier MOs for the various fragments, computed , 
f, and major contributions for the first one hundred electronic transitions, see SI) on DiTruPtQ 
and TertTruPtQ, indicate that the absorption bands in the 300-400 nm range are also of the same 
nature as that for the TruPt.  
 
Fig. 6. Representations of the frontier MOs of DiTruPtQ (left) and TertTruPtQ (right) in their 
optimized geometry using THF as a solvent field (energies in eV). See SI for the H-6 to L+6 MOs. 
This observation corroborates the similarity of their emission signatures (Fig. 3, bottom), which 
also violate Kasha’s rule. The nature of the lowest energy singlet excited states is addressed by 
DFT and TDDFT computations. Only the relevant details are described here (Fig. 6, Tables 5 and 
6). 
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Table 5. Computed atomic orbital contributions of the frontier MOs for the various fragments of 
DiTruPtQ and TertTruPtQ. The data for H-4 to L+2 are in the SI. 
DiTruPtQ H-1 HOMO LUMO    
TMSC≡CC6H4 1.97 3.99 19.71 
Q = C6H2N2(NH)2 12.75 28.73 71.54 
TruC≡CPtC≡CC6H4 85.28 67.28 8.75 
 
TertTruPtQ  H-1 HOMO LUMO 
TruC≡CPtC≡CC6H4NH 15.31 41.93 8.70 
Q = C6H2N2(NH)2 27.61 37.24 71.13 
TruC≡CPtC≡CC6H4N 57.09 20.83 20.17 
 
Table 6. Computed positions (), oscillator strength (f), and major contributions for the first two 
electronic transitions in DiTruPtQ and TertTruPtQ. The data for the first 100 transitions are 
placed in the SI. 
No. λ (nm) f Major contributions for DiTruPtQ (in %) 
1 666 0.002 HOMO→LUMO (90) 
2 609 0.548 H-1→LUMO (91) 
No. λ (nm) f Major contributions for TertTruPtQ (in %) 
1 668 0.002 HOMO→LUMO (97) 
2 621 0.942 H-1→LUMO (97) 
TDDFT computations show two well-isolated low-energy electronic transitions at  > 600 nm (the 
next two are placed near 540 ± 15 nm, SI). The transitions are mostly composed of 
HOMO→LUMO and H-1→LUMO (≥ 90 %). These three MOs are also -systems exhibiting 
various atomic contributions of the TMSC6H4C≡C, C6H2N2(NH)2 (Q), and TruC≡CPtC≡C units. 
Both HOMO→ LUMO and H-1→LUMO transitions generate charge transfer (CT) excited states 
mostly arising from TruC≡CPtC≡C→Q. TDDFT computes these transitions at 666 and 609 nm 
for DiTruPtQ and at 668 and 621 nm for TertTruPtQ. The lower values exhibit significantly 
larger oscillator strengths and fall well in the tails of these CT bands in the 600-650 nm range at 
298 K (Fig. 3) and 77 K (SI).  
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To tentatively explain the bi-exponential behavior of the DiTruPtQ and TertTruPtQ 
phosphorescence decays of the intense 520 nm signals at 298 K, the fluorescence traits of these 
low-energy CT excited states are now described. No fluorescence signal is observed in the 600-
800 nm range at 298 K. However, using a laser system and a Streak camera, a very weak 
fluorescence signal is observed at 77 K in the 700-850 nm window appearing as a shoulder with a 
max ~ 750 nm (Fig. 7). This band shape takes its origin from the long tail of the intense 
phosphorescence signal at 520 nm.  
 
Fig. 7. Time-resolved spectra (left) and decay associated spectra (note that the signal with blue 
dots is the rest of the 520 nm phosphorescence) of DiTruPtQ (up) and TertTruPtQ (down) in 
2MeTHF at 77 K. 
The decay associated spectra exhibit three signals; two ill-defined bands decaying in the ps time 
scale (black and red) and one (blue) with a lifetime exceeding the time resolution of the Streak 
camera (> 3 ns). The latter signal is the long tail of the phosphorescence band at 520 nm. More 
importantly, the signal at ~750 nm exhibits two lifetimes (95 ± 10 and 403 ± 73 ps) with a time 
scale appropriate for a fluorescence. The position is also where one would expect a fluorescence 
signal after the CT absorptions for DiTruPtQ and TertTruPtQ. The presence of two lifetimes now 
does not appear unusual since the upper energy phosphorescence at 520 nm also exhibits two 
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components at 298 K as well. Moreover, compound 4 was previously analyzed by us and the near-
IR emission at 780 nm was found somewhat more intense, but it also exhibited two lifetimes (F = 
0.42 ± 0.03 (65), 1.82 ± 0.05 ns (35 %)).9 These longer lifetimes are consistent with the stronger 
intensity of compound 4 compared to that for DiTruPtQ and TertTruPtQ. Heavy atom also 
explains this difference (SiMe3 vs TruPt). 
The most likely explanation for the presence of bi- or multi-exponential decays stems from the 
presence of several conformers exhibiting various dihedral angles made by the =N-C6H4C≡C arm 
and central C6H2N2(NH)2 core, where conjugation occurs, and the rotational twisting of the Tru-
C≡C-C6H4 frame. As examples, at least three conformers exhibiting very similar total energies 
were computed by DFT (optimized geometries) for DiTruPtQ (SI). At 77 K, the phosphorescence 
at 520 nm become more intense and the decays are best explained using a single exponential. It is 
speculated that in this case the conformers phosphoresce with about the same lifetime, which 
cannot be separated, or some conformers emit with a much higher intensity than others. A full 
investigation attempting to relate conformations and lifetimes is clearly unreasonable in these 
complex cases. 
Qualitatively, the two complexes are composed of two chromophores. An upper energy one, TruPt, 
is potentially acting as an electron donor because of the known behavior of the truxene moiety.16 
In parallel, the quinone diimine unit is potentially capable to act as an electron acceptor.17 
Therefore one may suspect the possibility of a photo-induced electron transfer from TruPt to the 
quinone diimine residue. However, the observation of moderately intense upper state fluorescence 
and phosphorescence arising from the TruPt units, and the absence of a drastic decrease in 
emission lifetimes (i.e. quenching) upon anchoring these TruPt arms onto a central C6H2N2(NH)2 
quinone diimine-containing residue precludes this possibility. This is unambiguously true for 
DiTruPtQ, which has no TruPt-NH fragment. Instead, there is the formation of CT states for 
DiTruPtQ and TertTruPtQ as unambiguously described in this work.  
3.2.4 Conclusion  
Without using N^N cyclisation of the central core C6H2N2(NH)2, the anchoring of the 
organometallic fragment TruPt arms on compound 4 forming DiTruPtQ and TertTruPtQ 
permitted to observe both fluorescence and phosphorescence of the trans-
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TruC≡CPt(PBu3)2(C≡C)(C6H4) (TruPt) arms at 298 K in fluid solution without evidence for a 
drastic decrease in F of the TruPt chromophore. This result is interesting since the related 
C6H5C≡CPt(PEt3)2C≡CC6H5 complex is non-emissive at 298 K in fluid solution.18 It is also 
interesting to note that no efficient intra-molecular electron transfer from the potential electron 
donor trans-TruC≡CPt(PBu3)2(C≡C)(C6H4) to the central electron acceptor quinone diamine unit 
occurs, DFT (B3LYP) showed that TruC≡CPt part is pushing in the good direction, but it is still 
not enough electron rich to photo-reduce the quinone. Fluorescence of the lower energy charge 
transfer excited state involving the central azophenine chromophore (TruC≡CPtC≡C→Q) for 
DiTruPtQ and TertTruPtQ is observed at 77 K. This feature is somewhat expected since 
compound 4 is not emissive at 298 K in the near-IR region, but is at 77 K as well. The main 
conclusion is that the addition of truxene residues onto non-emissive chromophores promotes their 
luminescence properties in fluid solution, but the presence of Pt-atoms expectedly increases the 
rate for intersystem crossing, thus reducing the fluorescence intensity and lifetime deduced from 
the comparison between compound 4 and the investigated complexes. However, the heavy atom 
effect can be beneficial to locate the triplet manifold in the notoriously non-emissive azophenine, 
which is again a model for the non-emissive emeraldine polymer. Further work to find the ideal 
light harvesting electron donors anchored to a stable redox center are in progress.    
3.2.5 Experimental Section  
Materials. Compound 4-ethynylaniline,19 iodo-hexahexyltruxene (1),9 trans-PtCl2(PBu3)2,20 
compound 4,10 611 and 4-((triisopropylsilyl)ethynyl)aniline21 were prepared according to literature 
procedures. P-toluenesulfonic acid, CuI, ethynyltrimethylsilane, triisopropylacetylene, 
PdCl2(PPh3)2 were purchased from Aldrich and were used as received. All flasks were dried under 
a flame to eliminate moisture. Solvents were distilled from appropriate drying agents and other 
reagents were used as received. 
Synthesis of 2. Ethynyltrimethylsilane (0.7 mL, 4.9 mmol), PdCl2(PPh3)2 (230 mg, 0.33 mmol), 
CuI (63 mg, 0.33 mmol), Et3N (3mL), and compound 1 (3.2 g, 3.3 mmol) were subsequently added 
into a 100 mL Schlenk tube containing 50mL THF under argon atmosphere. The resulting solution 
was stirred at room temperature overnight. After complete conversion of the starting materials as 
monitored by TLC, the solvent was evaporated. Chromatography on silica gel afforded the target 
compound as yellow solid. (2.5g, 80%). 1H NMR (300 MHz, CDCl3) δ 8.44 – 8.34 (m, 2H), 8.31 
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(d, J = 8.3 Hz, 1H), 7.61 – 7.51 (m, 2H), 7.48 (d, J = 6.8 Hz, 2H), 7.45 – 7.34 (m, 4H), 2.94 (ddd, 
J = 23.8, 14.8, 8.3 Hz, 6H), 2.22 – 1.95 (m, 6H), 0.90 (dd, J = 15.1, 8.2 Hz, 36H), 0.62 (td, J = 6.8, 
3.4 Hz, 18H), 0.57 – 0.39 (m, 12H), 0.34 (s, 9H). 13C NMR (76 MHz, CDCl3) δ 153.61, 153.58, 
153.53, 145.42, 145.09, 140.96, 140.13, 140.08, 138.55, 138.43, 137.64, 130.30, 126.46, 126.02, 
125.48, 124.66, 124.60, 124.31, 122.18, 120.43, 106.12, 94.13, 55.69, 55.60, 37.08, 36.92, 36.83, 
31.53, 31.48, 29.49, 23.90, 22.28, 13.88, 0.12. 
Synthesis of 3. (a) To a 100 mL round bottom flask was added 20 mL of THF. The solvents were 
purged with argon before addition of compound 2 (2 g, 2.1 mmol). Tetrabutylammonium fluoride 
solution 1.0 M in THF (4 mL, 4 mmol) was then added. The reaction was stirred for 2 hours, 
concentrated in vacuo. Chromatography on silica gel afforded the target compound as yellow solid 
(1.7g, 91%). 1H NMR (300 MHz, CDCl3) δ 8.36 (dd, J = 13.4, 7.4 Hz, 3H), 7.63 – 7.53 (m, 2H), 
7.48 (d, J = 7.4 Hz, 2H), 7.45 – 7.34 (m, 4H), 3.21 (s, 1H), 3.08 – 2.78 (m, 6H), 2.08 (td, J = 13.9, 
6.8 Hz, 6H), 1.10 – 0.76 (m, 36H), 0.70 – 0.57 (m, 18H), 0.49 (dd, J = 14.6, 7.3 Hz, 12H). 13C 
NMR (76 MHz, CDCl3) δ 153.73, 153.59, 153.49, 145.53, 145.15, 145.06, 141.21, 140.11, 140.04, 
138.60, 138.46, 137.54, 130.24, 126.49, 126.03, 125.80, 124.68, 124.59, 124.40, 122.17, 119.43, 
84.64, 55.70, 55.67, 55.63, 37.07, 36.91, 36.81, 31.48, 29.48, 29.45, 23.89, 22.27, 13.88. (b). 
PtCl2(PBu3)2 (0.5 g, 0.63 mmol), CuI (33 mg, 0.17 mmol), Et3N (3mL), and compound from step 
(a) (0.5 g, 0.57 mmol) were subsequently added into a 100 mL Schlenk tube containing 50mL 
THF under argon atmosphere. The resulting solution was stirred at room temperature for 2h. After 
complete conversion of the starting materials as monitored by TLC, the solvent was evaporated. 
Chromatography on silica gel afforded the target compound as yellow solid. (0.47 g, 54%). 1H 
NMR (300 MHz, CDCl3) δ 8.37 (d, J = 6.5 Hz, 2H), 8.20 (d, J = 8.4 Hz, 1H), 7.52 – 7.44 (m, 2H), 
7.41 (dt, J = 10.9, 3.0 Hz, 4H), 7.34 (s, 1H), 3.04 – 2.83 (m, 6H), 2.20 – 1.94 (m, 18H), 1.66 (s, 
12H), 1.55 – 1.38 (m, 12H), 0.94 (dt, J = 16.2, 8.4 Hz, 54H), 0.68 – 0.56 (m, 18H), 0.50 (s, 12H). 
13C NMR (76 MHz, CDCl3) δ 156.75, 153.62, 153.34, 144.85, 144.40, 140.38, 138.27, 137.70, 
126.25, 125.88, 124.60, 124.39, 124.14, 122.13, 55.57, 55.41, 36.97, 31.54, 31.48, 29.53, 29.49, 
26.16, 24.48, 24.39, 24.30, 23.88, 22.28, 22.11, 21.89, 13.87, 13.84. MALDI-TOF: m/z calculated 
C89H143ClP2Pt (M+H) 1505.60, found 1505.26. 
Synthesis of TruPt. 4-ethynylaniline (58 mg, 0.5 mmol), CuI (6.3 mg, 0.03 mmol), Et3N (3mL), 
and compound 3 (0.5 g, 0.33 mmol) were subsequently added into a 100 mL Schlenk tube 
containing 50mL THF under argon atmosphere. The resulting solution was stirred at RT. After 
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complete conversion of the starting materials as monitored by TLC, the solvent was evaporated. 
Chromatography on silica gel afforded the target compound as yellow solid (0.5g, 95%). 1H NMR 
(300 MHz, CDCl3) δ 8.37 (d, J = 7.3 Hz, 2H), 8.19 (d, J = 8.3 Hz, 1H), 7.51 – 7.44 (m, 2H), 7.44 
– 7.35 (m, 5H), 7.33 (d, J = 4.3 Hz, 1H), 7.13 (d, J = 8.4 Hz, 2H), 6.58 (d, J = 8.5 Hz, 2H), 3.60 
(s, 2H), 3.12 – 2.81 (m, 6H), 2.32 – 2.14 (m, 12H), 2.14 – 1.94 (m, 6H), 1.79 – 1.60 (m, 12H), 
1.51 (dd, J = 14.5, 7.2 Hz, 12H), 0.94 (dt, J = 16.4, 8.6 Hz, 54H), 0.62 (td, J = 6.8, 3.6 Hz, 18H), 
0.51 (s, 12H). 13C NMR (76 MHz, CDCl3) δ 153.67, 153.63, 153.26, 144.93, 144.34, 144.26, 
143.71, 140.47, 138.54, 138.27, 138.24, 137.32, 131.80, 128.86, 126.94, 126.23, 125.88, 124.64, 
124.60, 124.49, 124.12, 122.13, 119.58, 114.86, 109.83, 108.97, 108.78, 108.65, 104.00, 103.80, 
103.60, 55.57, 55.41, 37.08, 37.02, 31.59, 31.51, 31.49, 29.57, 29.52, 26.45, 24.59, 24.50, 24.41, 
24.24, 24.02, 23.90, 23.79, 22.33, 22.30, 22.29, 13.89. 31P NMR (122 MHz, CDCl3) δ 2.99 (t, 
2376).  MALDI-TOF: m/z calculated C97H149NP2Pt (M+H) 1586.30, found 1586.36. 
Synthesis of 5. To a 100 mL round bottom flask was added 20 mL of DCM. The solvents were 
purged with argon before addition of compound 1 (200 mg, 0.24 mmol). Tetrabutylammonium 
fluoride solution 1.0 M in THF (1 mL, 1 mmol) was then added. The reaction was stirred for 2 
hours The crude product was obtained by filtration of the solvent after 20 mL of methanol was 
added to the flask, dissolving the crude product in minimal DCM and repeating the operation again 
to get the target compound as red solid (118 mg, 91%). 1H NMR (300 MHz, CDCl3) δ 8.33 (s, 2H), 
7.49 (d, J = 8.3 Hz, 8H), 7.00 (d, J = 8.0 Hz, 8H), 6.27 (s, 2H), 3.10 (s, 4H). 13C NMR (76 MHz, 
CDCl3) δ 137.18, 133.17, 120.65, 92.28, 83.49, 67.98, 25.62. MALDI-TOF: m/z calculated 
C38H24N4 (M+H) 536.64, found 537.30. 
Synthesis of 7. Compound 4 (358 mg, 0.79 mmol) and 4-ethynylaniline (232 mg, 2.0 mmol) were 
dissolved in 30 mL of DCM, catalytic amount of p-Toluenesulfonic acid was added, the reaction 
was stirred at room temperature overnight. After complete conversion of the starting materials as 
monitored by TLC, the solvent was evaporated. Chromatography on silica gel afforded the target 
compound as red solid (287 mg, 53 %). 1H NMR (300 MHz, CDCl3) δ 8.34 (s, 2H), 7.48 (dd, J = 
11.6, 8.5 Hz, 8H), 6.99 (d, J = 6.5 Hz, 8H), 6.28 (s, 2H), 3.11 (s, 2H), 0.28 (s, 18H). 13C NMR (76 
MHz, CDCl3) δ 133.20, 133.06, 120.75, 104.87, 94.21, 92.25, 83.55, 0.02. MALDI-TOF: m/z 
calculated C44H40N4Si2 (M+H) 682.0, found 682.2. 
Synthesis of 8. Compound 4 (358 mg, 0.79 mmol) and 4-((triisopropylsilyl)ethynyl)aniline (546 
mg, 2.0 mmol) were dissolved in 30 mL of DCM, catalytic amount of p-Toluenesulfonic acid was 
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added, the reaction was stirred at room temperature overnight. After complete conversion of the 
starting materials as monitored by TLC, the solvent was evaporated. Chromatography on silica gel 
afforded the target compound as red solid (450 mg, 57 %). 1H NMR (300 MHz, CDCl3) δ 8.34 (s, 
2H), 7.52 – 7.42 (m, 8H), 6.97 (d, J = 8.2 Hz, 8H), 6.27 (s, 2H), 1.17 (s, 43H), 0.28 (s, 18H). 13C 
NMR (76 MHz, CDCl3) δ 133.11, 133.06, 120.58, 118.89, 118.45, 106.96, 105.02, 94.00, 92.18, 
90.40, 25.63, 18.73, 17.98, 11.86, 11.76, 11.39, 11.01, 0.38, 0.01, -0.36. MALDI-TOF: m/z 
calculated C62H80N4Si4 (M+H) 994.69, found 994.59. 
Synthesis of TIPSQ. To a 100 mL round bottom flask was added 20 mL of DCM. The solvents 
were purged with argon before addition of compound 8 (200 mg, 0.2 mmol). Tetrabutylammonium 
fluoride solution 1.0 M in THF (1 mL, 1 mmol) was then added. The reaction was stirred for 2 
hours prior to quenching with drops of deionized water. The crude product was obtained by 
filtration of the solvent after 20 mL of methanol was added to the flask, dissolving the crude 
product in minimal DCM and repeating the operation again to get the target compound as red solid 
(153 mg, 90%). 1H NMR (300 MHz, CDCl3) δ 8.34 (s, 2H), 7.49 (dd, J = 11.4, 8.5 Hz, 8H), 6.99 
(d, J = 6.6 Hz, 8H), 6.27 (s, 2H), 3.10 (s, 2H), 1.16 (s, 42H). 13C NMR (76 MHz, CDCl3) δ 133.19, 
133.10, 120.68, 120.51, 118.93, 117.40, 106.87, 92.21, 90.49, 83.55, 46.11, 29.71, 18.72, 11.38. 
MALDI-TOF: m/z calculated C56H64N4Si2 (M) 849.33, found 849.52. 
Synthesis of DiTruPtQ. Compound 3 (133 mg, 0.02 mmol) and 5 (10 mg, 0.014 mmol) dissolved 
in 30 mL Et3N (3mL) under argon atmosphere. The resulting solution was stirred at 110 °C 
overnight. After complete conversion of the starting materials as monitored by TLC, the solvent 
was evaporated. Chromatography on silica gel afforded the target compound as yellow solid (41 
mg, 78%). 1H NMR (300 MHz, CDCl3) δ 8.38 (d, J = 7.1 Hz, 5H), 8.20 (d, J = 8.3 Hz, 2H), 7.45 
(d, J = 8.1 Hz, 7H), 7.39 (t, J = 5.2 Hz, 7H), 7.34 (s, 3H), 7.27 – 7.25 (m, 2H), 7.09 (d, J = 13.7 
Hz, 7H), 6.98 (dd, J = 15.9, 8.1 Hz, 10H), 6.54 (d, J = 40.0 Hz, 5H), 6.38 (s, 3H), 2.97 (d, J = 6.2 
Hz, 11H), 2.38 – 2.16 (m, 21H), 2.06 (s, 13H), 1.80 – 1.60 (m, 28H), 1.54 (dt, J = 14.4, 7.0 Hz, 
30H), 0.95 (dt, J = 13.4, 7.1 Hz, 109H), 0.70 – 0.57 (m, 31H), 0.51 (s, 21H), 0.28 (s, 15H). 13C 
NMR (76 MHz, CDCl3) δ 153.65, 153.27, 144.91, 144.35, 140.43, 138.46, 138.24, 137.42, 132.94, 
131.56, 128.83, 126.21, 125.86, 124.59, 124.13, 122.13, 120.92, 55.55, 55.39, 36.98, 31.57, 31.50, 
31.48, 29.56, 29.50, 26.45, 24.59, 24.50, 24.41, 24.05, 23.88, 22.32, 22.29, 13.90, 0.05. 31P NMR 
(122 MHz, CDCl3) δ 2.98 (t, 2364). C, H, N (%): calculated 73.67, 9.02, 1.55, found 72.68, 9.07, 
1.53. MALDI-TOF: m/z calculated C222H324N4P4Pt2 Si2 (M+H) 3619.30, found 3619.38. 
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Synthesis of TertTruPtQ. To a 50 mL Schlenk tube was added 20 mL of Et3N, the solvents were 
purged with argon before addition of compound 3 (168 mg, 0.11 mmol) and compound 7 (16.2 
mg, 0.03 mmol). The resulting solution was stirred at 110°C overnight. After complete conversion 
of the starting materials as monitored by TLC, the solvent was evaporated. The product was 
purified on a silica column (Hexanes/CHCl3=3/1 as the solvent) to give the compound 
TertTruPtQ as red solid (150g, 77%). 1H NMR (300 MHz, CDCl3) δ 8.59 (s, 2H), 8.37 (d, J = 
7.4 Hz, 8H), 8.20 (d, J = 8.4 Hz, 4H), 7.47 (d, J = 8.4 Hz, 8H), 7.39 (t, J = 8.8 Hz, 20H), 7.34 (s, 
4H), 7.29 (d, J = 8.4 Hz, 8H), 7.00 (d, J = 8.4 Hz, 8H), 6.56 (s, 2H), 3.08 – 2.81 (m, 24H), 2.24 
(dd, J = 7.8, 3.7 Hz, 48H), 2.18 – 1.93 (m, 24H), 1.79 – 1.62 (m, 48H), 1.61 – 1.45 (m, 48H), 1.09 
– 0.74 (m, 200H), 0.72 – 0.32 (m, 120H). 13C NMR (76 MHz, CDCl3) δ 153.62, 144.90, 144.57, 
144.34, 140.43, 139.25, 138.24, 137.39, 134.21, 131.63, 128.83, 126.20, 125.86, 124.59, 124.13, 
122.13, 121.33, 120.45, 75.23, 67.72, 55.55, 55.39, 36.98, 33.09, 31.56, 31.49, 29.49, 26.46, 26.16, 
25.90, 24.60, 24.51, 24.42, 24.30, 24.07, 23.88, 22.31, 22.28, 20.96, 13.92, 13.87. 31P NMR (122 
MHz, CDCl3) δ 3.02 (t, 2379). C, H, N (%): calculated 73.79, 9.3, 0.87, found 74.82, 9.62, 0.82. 
MALDI-TOF: m/z calculated C394H592N4P8Pt4 (M+H) 6413.22, found 6413.35. 
Instruments.  The 1H and 13C NMR spectra were collected on a Bruker DRX400 spectrometer 
using the solvent as chemical shift standard. The coupling constant are in Hz. MALDI-TOF mass 
spectra were recorded on a Bruker BIFLEX III TOF mass spectrometer (Bruker Daltonics, 
Billerica, MA, USA) using a 337 nm nitrogen laser with dithranol as matrix. The spectra were 
measured from freshly prepared samples. The absorption spectra in the solution were measured on 
a Varian Cary 300 Bio UV-vis spectrometer at 298 K and on a Hewlett-Packard 8452A diode array 
spectrometer with a 0.1 s integration time at 77 K. The steady state fluorescence (< 820 nm) and 
the corresponding excitation spectra were acquired on an Edinburgh Instruments FLS980 
phosphorimeter equipped with single monochromators, while steady-state near-infrared (NIR) 
emissions were measured by QuantaMaster 400 phosphorimeter from Photon Technology 
International, upon excitation by a xenon lamp and recording with a NIR PMT-7-B detector. 
Fluorescence lifetime measurements were made with the FLS908 spectrometer using a 378 nm 
picosecond pulsed diode laser (fwhm = 78 ps) as an excitation source. Data collection on the 
FLS980 system was performed by time correlated single photon counting (TCSPC). All 
fluorescence spectra were corrected for instrument response. 
Fast kinetic fluorescence measurements. The short components of the fluorescence decays were 
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measured using the output of an OPA (OPA-800CF, SpectraPhysics) operating at λexc = 490 nm, a 
pulse width of 90 fs, rep. rate = 1 kHz, pulse energy = 1.6 μJ per pulse, spot size ∼ 2 mm, and a 
Streak camera (Axis-TRS, Axis Photonique Inc.) with less than 8 ps resolution. The results were 
also globally analysed with the program Glotaran (http://glotaran.org) permitting to extract a sum 
of independent exponentials ( 𝐼(𝜆, 𝑡) = 𝐶1(𝜆)× 𝑒
−
𝑡1
𝜏 + 𝐶2(𝜆)× 𝑒
−
𝑡2
𝜏 + ⋯ ). 
Computations. All density functional theory (DFT) calculations were performed with Gaussian 
0913 at the Université de Sherbrooke with the Mammouth supercomputer supported by Le Réseau 
Québécois De Calculs Hautes Performances. The DFT geometry optimisations and Time 
dependant DFT (TD-DFT) calculations 22 were carried out using the B3LYP method. A 6-31g* 
basis set was used for C, H, N atoms23. Theoretical UV-visible absorption spectra were obtained 
using GaussSum24. 
X-ray Crystallography Procedures. The X-ray intensity data were measured on a Bruker Apex 
DUO system equipped with a Cu Kα ImuS micro─focus source with MX optics (λ = 1.54178 Å). 
The frames were integrated with the Bruker SAINT software package using a wide-frame 
algorithm. The integration of the data using an orthorhombic unit cell. Data were corrected for 
absorption effects using the multi-scan method (SADABS). The structure was solved and refined 
using the Bruker SHELXTL Software Package. 
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Crystal Data and Photophysical Data 
Table S1. Crystal data and structure refinement of compounds 7 and TIPSQ. 
Compound 7 TIPSQ 
Formula C22H20N2Si C28H32N2Si 
Formula weight 340.49 424.65 
Temp(K) 173(2) K 173(2) K 
Wavelength(Å) 1.54178 Å 1.54178 Å 
Crystal size(mm) 0.010 x 0.250 x 0.440 mm 0.100 x 0.310 x 0.310 mm 
Crystal habit translucent dark purple plate translucent dark purple plate 
Crystal system orthorhombic monoclinic 
Space group P b c n C 1 2/c 1 
a (Å) a = 27.4912(6)  44.4373(8)  
b (Å) b = 12.6235(3)  9.1907(2)  
c (Å) c = 11.0362(2) 12.5395(2)  
α (deg) 90° 90° 
β (deg) 90° 100.5350(10)° 
γ (deg) 90° 90° 
Volume(Å3) 3829.95(14)  5034.93(16)  
Z 8 8 
Density (calculated) 1.181 g/cm3 1.120 g/cm3 
Absorption coefficient 1.109 mm-1 0.930 mm-1 
F(000) 1440 1824 
Reflections collected 45530 13168 
Independent reflections 3656 [R(int) = 0.2093] 4708 [R(int) = 0.0293] 
Maximum θ angle 70.86° 70.89°  
Data/restraints/parameters 3656 / 0 / 233 4708 / 0 / 290 
Goodness-of-fit on F2 1.045 0.978 
R indices（all data） 2056 data; I>2σ(I) 4134 data; I>2σ(I) 
Largest diff. peak and hole 0.738 and -0.461 eÅ-3 0.606 and -0.561 eÅ-3 
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Figure S1. Ball and stick representations of the crystal structures, selected bond lengths and 
dihedral angles for 7 (left) and TIPSQ (right). 
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Figure S2. Comparison of the UV−Vis absorption (black), excitation (blue) and emission (red) 
spectra of TruPt, DiTruPtQ and TertTruPtQ in 2MeTHF at 298 K (left) and 77 K (right), 
respectively.  
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DFT and TDDFT Calculation 
 
Figure S3. Optimized geometry (ground state) of TruPt using THF as solvent field (left: side 
view; right: top view). The dihedral angles between the average planes of Tru, Pt and C6H4, are 
∠ Tru-Pt=25.60°, ∠ Pt-C6H4=10.27° and ∠Tru-C6H4=35.83°, respectively, (Tru and Pt 
represent the planes that hexa(n-hexyl)truxene and -C≡CPt(PBu3)2 C≡C- unit).  
 
Figure S4. Representations of the frontier MOs (triplet state, T1) of TruPt using THF as the 
solvent field (energies in eV).  
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Figure S5. Illustration of three optimized conformations (ground state, S0), total energy (energies 
in hartree, a.u., which is more convenient to use in these cases) of DiTruPtQ using THF as the 
solvent field. Tru and Pt represent the planes that hexa(n-hexyl)truxene and -C≡CPt(PBu3)2C≡C- 
make, respectively).  
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Figure S6. Representations of the frontier MOs (ground state) of DiTruPtQ using the THF as 
solvent field (energies in eV). 
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Figure S7. Representations of the frontier MOs (triplet states) of DiTruPtQ using THF as the 
solvent field (energies in eV).  
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Figure S8. Optimized geometry (ground state, S0) of TertTruPtQ using THF as the solvent field 
(left: top view; right: top view). The dihedral angles between the planes that Tru, Pt and C6H4 
form are placed in the figure. Tru and Pt represent the planes made by hexa(n-hexyl)truxene and 
-C≡CPt(PBu3)2C≡CC≡C-. 
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Figure S9. Representations of the frontier MOs (ground state, S0) of TertTruPtQ using THF as 
the solvent field (energies in eV).  
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Figure S10. Computed positions and oscillator strength for the 100st electronic transitions for 
TruPt (up), DiTruPtQ (middle) and TertTruPtQ (down) using THF as the solvent field. The 
black line was generated by arbitrary applying a thickness of 1500 cm-1.  
Table S2. Distributions of the atomic contributions of the frontier MOs over various fragments for 
TruPt, DiTruPtQ and TertTruPtQ.  
TruPt (S0) H-4 H-3 H-2 H-1 HOMO LUMO L+1 L+2 
NH2C6H4C≡C 20.12 38.11 0.00 27.94 58.83 4.78 0.00 19.83 
trans-Pt(Bu3P)3 29.09 32.21 0.00 8.80 19.34 13.85 0.04 34.45 
TruC≡C 50.79 29.69 100.00 63.26 21.84 81.37 99.95 45.72 
 
TruPt (T1) H-4 H-3 H-2 H-1 LSOMO HSOMO L+1 L+2 
NH2C6H4C≡C 10.48 37.15 0.01 26.12 63.20 2.51 0.13 19.68 
trans -Pt(Bu3P)3 10.06 34.76 0.00 3.81 15.12 7.64 0.32 33.67 
TruC≡C 79.45 28.09 99.99 70.07 21.68 89.86 99.55 46.65 
 
DiTruPtQ (S0) H-4 H-3 H-2 H-1 HOMO LUMO    L+1 L+2 
TMSC6H4C≡C 19.12 5.98 2.31 1.97 3.99 19.71 0.96 0.70 
Q =C6H4N2(NH)2 18.17 18.36 14.33 12.75 28.73 71.54 1.44 0.53 
TruC≡CPtC≡C 62.71 75.66 83.36 85.28 67.28 8.75 97.60 98.77 
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DiTruPtQ (T1) H-4 H-3 H-2 H-1 HSOMO LSOMO L+1 L+2 
TMSC6H4C≡C 35.38 8.47 5.52 2.87 9.36 20.62 1.50 10.43 
Q =C6H4N2(NH)2 22.99 17.90 13.35 6.98 29.33 67.27 4.22 3.44 
TruC≡CPtC≡C 41.63 73.63 81.13 90.14 61.31 12.10 94.28 86.14 
 
TertTruPtQ (S0) H-4 H-3 H-2 H-1 HOMO LUMO L+1 L+2 
TruC≡CPtC≡CNH 34.23 29.57 76.58 15.31 41.93 8.70 98.22 1.84 
Q =C6H4N2(NH)2 3.35 3.76 3.80 27.61 37.24 71.13 0.13 0.43 
TruC≡CPtC≡CN 62.42 66.67 19.62 57.09 20.83 20.17 1.65 97.74 
 
Table S3. Calculated positions of the pure electronic transitions, oscillator strengths (f), and major 
contributions for TruPt, DiTruPtQ and TertTruPtQ. 
No 
λ 
(nm) 
f Major contribs for TruPt (%) 
1 394 1.3748 HOMO→LUMO (92)  
2 358 0.0076 HOMO→L+1 (86) 
3 341 0.3989 H-1→LUMO (74) 
4 331 0.0556 HOMO→L+2 (82) 
5 325 0.0003 H-2→LUMO (29), H-1→L+1 (50), HOMO→L+1 (13) 
6 313 0.094 H-3→LUMO (62), H-1→LUMO (16) 
7 310 0.0019 HOMO→L+7 (58), HOMO→L+8 (33) 
8 304 0.1513 H-2→LUMO (53), H-1→L+1 (35) 
9 298 0.0448 H-5→LUMO (15), H-4→LUMO (23), H-1→L+2 (33) 
10 294 0.0308 HOMO→L+3 (49), HOMO→L+4 (10), HOMO→L+6 (15) 
11 292 0.0378 HOMO→L+3 (12), HOMO→L+4 (45) 
12 291 0.0263 HOMO→L+7 (33), HOMO→L+8 (56) 
13 290 0.0494 H-4→LUMO (11), H-1→L+2 (46), HOMO→L+3 (11) 
14 286 0.2507 H-2→L+1 (78) 
15 281 0.0079 HOMO→L+3 (11), HOMO→L+4 (22), HOMO→L+6 (51) 
16 278 0.0223 H-6→LUMO (90) 
17 277 0.0362 H-5→LUMO (29), H-4→LUMO (17), HOMO→L+5 (32) 
18 276 0.0528 H-3→L+1 (18), HOMO→L+5 (51) 
19 275 0.1049 H-5→LUMO (13), H-3→L+1 (48) 
20 271 0.0088 H-3→L+7 (15), H-1→L+7 (33), H-1→L+8 (19) 
21 269 0.0335 H-3→L+2 (26), H-1→L+3 (18) 
22 269 0.0237 H-4→L+1 (35), H-3→L+1 (20), H-2→L+2 (16) 
23 267 0.0017 H-1→L+3 (15), H-1→L+4 (28), H-1→L+6 (11), HOMO→L+6 (10) 
24 265 0.4625 H-4→L+1 (17), H-2→L+2 (59) 
25 262 0.3018 H-3→L+2 (16), H-1→L+3 (31), H-1→L+4 (26) 
26 261 0.099 HOMO→L+9 (78) 
27 259 0.0064 H-2→L+4 (11), H-1→L+4 (15), H-1→L+6 (18) 
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28 259 0.0467 H-4→L+1 (11), H-2→L+3 (16), H-2→L+4 (12) 
29 257 0.0553 H-5→L+1 (62), H-4→L+1 (20) 
30 255 0.0007 H-5→L+2 (19), H-4→L+2 (25) 
31 254 0.0073 H-4→L+2 (16), H-2→L+5 (20) 
32 254 0.0059 H-6→L+7 (53), H-6→L+8 (30) 
33 253 0.0057 H-1→L+5 (80) 
34 251 0.0018 H-1→L+7 (29), H-1→L+8 (53) 
35 250 0.0022 H-3→L+7 (35), H-3→L+8 (21), H-1→L+7 (15) 
36 250 0 H-6→L+1 (100) 
37 249 0.1875 H-7→LUMO (59), H-4→L+2 (10) 
38 246 0.0298 H-6→L+2 (72) 
39 245 0.0061 H-9→LUMO (75) 
40 244 0.0169 H-3→L+3 (10), H-2→L+3 (13), H-2→L+4 (20) 
41 244 0.0199 H-4→L+2 (12), H-3→L+3 (10), H-2→L+3 (23), H-2→L+4 (11) 
42 243 0.0144 H-11→LUMO (29), H-8→LUMO (23), H-2→L+6 (13) 
43 242 0.004 H-11→LUMO (16), H-11→L+1 (10), H-2→L+3 (10), H-2→L+6 (42) 
44 241 0.0014 H-12→LUMO (63), H-12→L+2 (14) 
45 241 0.0237 H-12→LUMO (10), H-11→LUMO (18), H-3→L+6 (11) 
46 240 0.0435 H-8→L+1 (66), H-7→L+1 (14) 
47 239 0.0084 H-5→L+2 (16), H-3→L+3 (23), H-3→L+4 (19) 
48 238 0 H-3→L+7 (27), H-3→L+8 (47) 
49 237 0.0318 H-8→LUMO (22), H-3→L+4 (16), H-1→L+6 (13) 
50 236 0.0771 H-8→L+1 (11), H-7→L+1 (20), H-2→L+6 (11), H-1→L+9 (18) 
51 235 0.0001 H-1→L+9 (29) 
52 235 0.0327 H-9→L+1 (16), H-2→L+5 (33) 
53 233 0.0056 H-10→LUMO (84) 
54 232 0.0602 H-11→L+1 (37), H-7→L+1 (26) 
55 231 0.0231 H-13→LUMO (38), H-4→L+3 (21) 
56 230 0.2363 H-4→L+7 (37), H-4→L+8 (20) 
57 229 0.0174 H-14→LUMO (17), H-9→L+1 (15), H-4→L+3 (13), H-3→L+4 (13) 
58 229 0.0678 H-14→LUMO (53), H-13→LUMO (11) 
59 228 0.0056 H-13→LUMO (15), H-4→L+3 (10), H-4→L+4 (26) 
60 226 0.012 H-5→L+6 (10), H-4→L+4 (13), H-3→L+3 (10), H-3→L+4 (14), H-
3→L+6 (33) 
61 226 0.0044 H-5→L+3 (28), H-5→L+4 (12), H-3→L+9 (14), H-1→L+9 (14) 
62 225 0.0001 H-2→L+7 (64), H-2→L+8 (36) 
63 224 0.0083 H-3→L+5 (26), HOMO→L+10 (22) 
64 224 0.0157 H-3→L+5 (30), HOMO→L+10 (26) 
65 223 0.0011 H-5→L+3 (12), H-5→L+4 (16), H-4→L+6 (32) 
66 223 0.0378 HOMO→L+12 (69) 
67 222 0.0005 H-7→L+2 (38), H-3→L+9 (20) 
68 222 0.0013 H-6→L+2 (10), H-6→L+3 (65), H-6→L+4 (16) 
69 222 0 H-2→L+7 (36), H-2→L+8 (64) 
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70 221 0 H-10→L+1 (100) 
71 221 0.0039 H-7→L+2 (17), H-5→L+3 (19), H-5→L+6 (10) 
72 221 0.0018 H-5→L+4 (16), H-4→L+5 (17), H-3→L+5 (12) 
73 220 0 H-4→L+7 (26), H-4→L+8 (44) 
74 220 0.0079 H-7→L+2 (10), H-5→L+4 (21), H-4→L+5 (14), H-3→L+5 (12) 
75 219 0.0077 H-12→L+7 (18), H-12→L+8 (10), HOMO→L+14 (28) 
76 219 0.0161 H-8→L+2 (63) 
77 218 0.0017 H-14→L+1 (11), H-13→L+1 (69) 
78 217 0.0016 H-6→L+3 (10), H-6→L+4 (48), H-6→L+6 (21) 
79 217 0.0017 H-12→L+7 (16), H-6→L+4 (13), HOMO→L+14 (12) 
80 217 0.0742 H-12→L+7 (11), H-5→L+7 (23), H-5→L+8 (13) 
81 215 0.0022 H-11→L+2 (13), H-5→L+6 (33), H-4→L+6 (17) 
82 215 0 H-12→L+1 (100) 
83 215 0.0029 HOMO→L+13 (66) 
84 214 0.0316 H-9→L+2 (30), H-4→L+5 (47) 
85 214 0.122 H-12→LUMO (10), H-12→L+2 (51), H-5→L+7 (13) 
86 213 0.0009 H-6→L+7 (36), H-6→L+8 (62) 
87 213 0.0346 H-10→L+2 (54), H-5→L+8 (15) 
88 213 0.0314 H-11→L+2 (38), H-5→L+6 (15) 
89 211 0.0426 H-9→L+2 (21), H-5→L+5 (41), HOMO→L+11 (13) 
90 211 0.0243 H-5→L+5 (12), H-2→L+9 (26), HOMO→L+11 (31) 
91 211 0.0012 H-14→L+1 (77), H-13→L+1 (14) 
92 210 0.0175 H-10→L+2 (21), H-5→L+7 (21), H-5→L+8 (32) 
93 210 0.0252 H-5→L+9 (17), H-4→L+9 (49) 
94 210 0.0022 H-6→L+3 (13), H-6→L+4 (14), H-6→L+6 (64) 
95 210 0.0137 H-2→L+9 (54), HOMO→L+11 (31) 
96 210 0.0019 HOMO→L+13 (11), HOMO→L+14 (21), HOMO→L+15 (20), 
HOMO→L+16 (24) 
97 208 0.0128 H-6→L+5 (45), H-6→L+9 (47) 
98 208 0.0269 H-13→L+2 (42), H-7→L+3 (16) 
99 208 0.0053 H-1→L+10 (13), HOMO→L+15 (20), HOMO→L+16 (13) 
10
0 
207 0.0114 H-6→L+5 (51), H-6→L+9 (45) 
 
No 
λ 
(nm) 
  f Major contribs for DiTruPtQ (%) 
1 666 0.002 HOMO→LUMO (90) 
2 609 0.5478 H-1→LUMO (91) 
3 536 0.0001 H-2→LUMO (87) 
4 522 0.1925 H-3→LUMO (87) 
5 487 0.7594 H-8→LUMO (15), H-5→LUMO (10), H-4→LUMO (68) 
6 473 0.0264 H-5→LUMO (71), H-4→LUMO (13) 
144 
 
7 456 0.0787 H-9→LUMO (21), H-8→LUMO (58), H-4→LUMO (15) 
8 453 0.0257 H-9→LUMO (53), H-8→LUMO (23), H-5→LUMO (13) 
9 431 0 H-6→LUMO (100) 
10 430 0 H-7→LUMO (100) 
11 418 0 H-12→LUMO (51), H-10→LUMO (33), H-9→LUMO (11) 
12 380 0.022 H-11→LUMO (95) 
13 378 0.0027 H-12→LUMO (42), H-10→LUMO (56) 
14 374 0.0002 H-13→LUMO (100) 
15 373 0.0004 H-14→LUMO (100) 
16 370 1.9175 H-15→LUMO (17), H-1→L+1 (13), HOMO→L+1 (49) 
17 366 0.3926 H-15→LUMO (71), HOMO→L+1 (13) 
18 356 0.6974 H-1→L+1 (10), H-1→L+2 (30), HOMO→L+2 (28), HOMO→L+3 
(10) 
19 352 0.5676 HOMO→L+3 (76) 
20 345 0.0464 H-16→LUMO (87) 
21 345 0.0106 H-3→L+4 (12), H-1→L+4 (23), HOMO→L+4 (44) 
22 343 0.0113 H-6→L+2 (11), H-2→L+5 (26), H-1→L+5 (38), HOMO→L+5 (17) 
23 339 0.0198 H-1→L+1 (23), H-1→L+3 (35), HOMO→L+2 (11) 
24 337 0.096 H-17→LUMO (63) 
25 336 0.0841 H-1→L+1 (14), H-1→L+3 (29) 
26 334 0.0577 HOMO→L+1 (11), HOMO→L+6 (44) 
27 333 0.3626 H-2→L+2 (13), HOMO→L+2 (40) 
28 330 0.0023 H-1→L+1 (14), HOMO→L+7 (38) 
29 329 0.001 H-3→L+1 (26), H-2→L+1 (10), HOMO→L+7 (14) 
30 327 0.0469 H-4→L+2 (10), H-3→L+2 (14), H-2→L+2 (38), H-1→L+2 (11) 
31 325 0.0001 H-26→LUMO (93) 
32 325 0.0012 H-27→LUMO (92) 
33 323 0.0032 H-1→L+6 (27), HOMO→L+7 (28), HOMO→L+8 (15) 
34 322 0.0003 H-2→L+5 (11), HOMO→L+5 (79) 
35 322 0.0085 H-30→LUMO (11), H-19→LUMO (38), H-18→LUMO (27), H-
17→LUMO (15) 
36 322 0.0036 H-31→LUMO (32), H-30→LUMO (14), H-19→LUMO (11), H-
18→LUMO (32) 
37 321 0.0004 H-31→LUMO (60), H-30→LUMO (13), H-18→LUMO (18) 
38 321 0.0037 H-30→LUMO (46), H-19→LUMO (28) 
39 321 0.0015 H-1→L+4 (13), HOMO→L+4 (51) 
40 318 0.0317 H-8→L+1 (12), H-5→L+1 (32), H-2→L+1 (20) 
41 317 0.0194 H-20→LUMO (85) 
42 317 0.0064 H-21→LUMO (84) 
43 317 0.1527 H-2→L+6 (13), H-1→L+7 (41) 
44 315 0.0625 H-22→LUMO (62) 
45 314 0.0264 H-23→LUMO (69), H-22→LUMO (15) 
46 314 0.0039 H-6→L+2 (10), H-2→L+5 (17), H-1→L+5 (55) 
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47 314 0.2821 H-2→L+3 (10), H-1→L+7 (17) 
48 313 0.0131 H-7→L+1 (16), H-3→L+4 (11), H-1→L+4 (60) 
49 313 0.0049 H-4→L+2 (30), H-2→L+2 (11), H-2→L+3 (11) 
50 311 0.0198 H-36→LUMO (43), H-3→L+3 (24) 
51 311 0.0507 H-2→L+3 (57) 
52 310 0.2316 H-3→L+1 (12), H-2→L+1 (25), H-2→L+6 (10) 
53 309 0.0198 H-24→LUMO (80) 
54 308 0.0333 H-3→L+1 (13), H-3→L+3 (22), H-2→L+1 (12) 
55 307 0 H-1→L+6 (25), HOMO→L+8 (51) 
56 306 0.0163 H-25→LUMO (75) 
57 305 0.0251 H-3→L+3 (24), H-3→L+6 (21), H-2→L+7 (11) 
58 304 0.0142 H-3→L+2 (45), H-2→L+2 (10) 
59 303 0.0717 H-38→LUMO (27), H-35→LUMO (16), H-32→LUMO (18), H-
3→L+2 (18) 
60 302 0.1076 H-7→L+1 (45), H-3→L+4 (14), H-2→L+4 (29) 
61 302 0.1982 H-6→L+2 (58), H-2→L+5 (28) 
62 302 0.0001 H-34→LUMO (93) 
63 302 0.0429 H-35→LUMO (37), H-1→L+8 (10) 
64 301 0.1826 H-38→LUMO (12), H-35→LUMO (35), H-1→L+8 (10) 
65 301 0.0009 H-28→LUMO (96) 
66 300 0.0029 H-29→LUMO (92) 
67 297 0.0111 H-1→L+20 (12), HOMO→L+20 (30), HOMO→L+21 (12) 
68 296 0.0032 H-4→L+6 (15), H-4→L+7 (11) 
69 296 0.0099 H-3→L+4 (44), H-2→L+4 (44) 
70 296 0.0691 H-38→LUMO (24), H-32→LUMO (27) 
71 295 0.0392 No major contribution 
72 295 0.0283 HOMO→L+14 (31) 
73 294 0.0254 H-1→L+20 (13), H-1→L+21 (19), HOMO→L+21 (12) 
74 294 0.0043 H-3→L+5 (83), H-2→L+5 (15) 
75 294 0.0164 H-1→L+13 (12), HOMO→L+13 (19) 
76 293 0.0054 H-33→LUMO (18), H-2→L+7 (28) 
77 292 0.002 H-33→LUMO (54) 
78 292 0.0298 H-3→L+7 (20), HOMO→L+9 (15), HOMO→L+11 (14) 
79 291 0.0115 H-4→L+3 (25) 
80 290 0.0204 HOMO→L+12 (37) 
81 290 0.0031 H-3→L+7 (36), HOMO→L+11 (10) 
82 289 0.2047 H-8→L+1 (10), H-4→L+1 (21), H-4→L+3 (14) 
83 288 0.4194 H-6→L+5 (47), H-1→L+10 (10) 
84 288 0.2984 H-7→L+4 (52) 
85 287 0.0422 H-5→L+3 (47) 
86 286 0.008 H-6→L+5 (12), H-1→L+8 (10) 
87 286 0.0493 No major contribution 
88 285 0.0533 H-2→L+8 (19) 
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89 285 0.0509 No major contribution 
90 285 0.0072 H-5→L+3 (13), H-4→L+1 (21) 
91 284 0.0106 H-4→L+5 (70) 
92 284 0.0304 H-8→L+2 (10), HOMO→L+9 (13) 
93 283 0.0915 H-5→L+2 (25), H-4→L+2 (11) 
94 282 0.0019 H-5→L+4 (83) 
95 281 0.0012 H-6→L+5 (13), HOMO→L+10 (16) 
96 281 0.0604 HOMO→L+17 (14) 
97 281 0.1792 H-37→LUMO (58) 
98 280 0.1216 H-3→L+8 (33) 
99 279 0.0018 H-8→L+2 (15), H-8→L+3 (16), H-5→L+2 (22) 
10
0 
279 0.001 H-8→L+3 (48), H-5→L+2 (16) 
 
No λ (nm)    f Major contribs for TertTruPtQ (%) 
1 668 0.0019 HOMO→LUMO (97) 
2 621 0.9419 H-1→LUMO (97) 
3 551 0.8962 H-7→LUMO (13), H-2→LUMO (81) 
4 534 0.0002 H-6→LUMO (16), H-3→LUMO (77) 
5 509 0.0051 H-5→LUMO (36), H-4→LUMO (59) 
6 509 0.0251 H-5→LUMO (57), H-4→LUMO (38) 
7 502 0.0156 H-6→LUMO (75), H-3→LUMO (18) 
8 495 0.1103 H-7→LUMO (78), H-2→LUMO (12) 
9 452 0.0017 H-8→LUMO (98) 
10 445 0.0061 H-9→LUMO (97) 
11 416 0.0021 H-15→LUMO (34), H-14→LUMO (49) 
12 410 0.0001 H-10→LUMO (100) 
13 410 0 H-11→LUMO (100) 
14 409 0.0073 H-14→LUMO (11), H-12→LUMO (74) 
15 409 0.0196 H-15→LUMO (23), H-14→LUMO (29), H-12→LUMO (26) 
16 409 0.0009 H-13→LUMO (97) 
17 402 0.0008 H-21→LUMO (10), H-16→LUMO (69), H-15→LUMO (17) 
18 389 0.2666 H-17→LUMO (65) 
19 380 0.0306 H-22→LUMO (64) 
20 364 0.4358 H-27→LUMO (10), H-18→LUMO (64) 
21 362 0.595 H-20→LUMO (30), H-18→LUMO (14), HOMO→L+2 (10) 
22 362 0.0076 H-22→LUMO (14), H-21→LUMO (13), H-20→LUMO (11), H-
19→LUMO (50) 
23 361 0.0143 H-21→LUMO (71), H-19→LUMO (13), H-16→LUMO (10) 
24 361 0.2293 H-20→LUMO (34), H-19→LUMO (19), H-18→LUMO (13) 
25 361 0.0358 H-25→LUMO (36), H-24→LUMO (42) 
26 360 0.0075 H-26→LUMO (83) 
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27 360 0.0332 H-26→LUMO (15), H-1→L+2 (22), HOMO→L+4 (20) 
28 359 0.0003 H-23→LUMO (98) 
29 358 0 H-25→LUMO (51), H-24→LUMO (47) 
30 357 1.4665 HOMO→L+1 (58) 
31 354 0.5248 H-1→L+3 (14), HOMO→L+3 (57) 
32 352 0.1177 H-27→LUMO (50), HOMO→L+2 (12) 
33 346 0.0323 H-1→L+9 (12), HOMO→L+2 (28), HOMO→L+4 (22), HOMO→L+9 
(11) 
34 345 0.0106 H-1→L+4 (26), H-1→L+9 (10), HOMO→L+4 (22), HOMO→L+9 
(20) 
35 344 0.0097 H-4→L+6 (14), H-2→L+6 (26), HOMO→L+6 (29) 
36 344 0.0085 H-5→L+5 (14), H-2→L+5 (19), HOMO→L+5 (26) 
37 343 0.2537 H-5→L+7 (17), H-3→L+7 (14), H-1→L+7 (10) 
38 342 0.1255 H-4→L+8 (19), H-3→L+8 (10), HOMO→L+8 (10) 
39 342 0.2264 H-4→L+8 (11), HOMO→L+2 (10) 
40 342 1.1298 H-4→L+1 (11), H-2→L+1 (17), H-1→L+1 (10), HOMO→L+1 (20) 
41 341 0.478 H-1→L+1 (30), H-1→L+3 (16), HOMO→L+3 (17) 
42 341 0.1386 H-1→L+1 (45), H-1→L+3 (14) 
43 340 0.0899 H-1→L+2 (13), H-1→L+3 (32) 
44 338 1.1116 H-5→L+2 (11), HOMO→L+9 (13) 
45 337 0.3531 H-5→L+3 (10), H-3→L+3 (12), H-2→L+3 (22) 
46 336 0.1647 H-4→L+4 (20), H-3→L+4 (15), H-1→L+9 (26) 
47 334 0.0023 H-4→L+8 (11), HOMO→L+8 (74) 
48 334 0.0011 HOMO→L+7 (76) 
49 332 0.0015 H-2→L+6 (10), HOMO→L+6 (66) 
50 332 0.0024 HOMO→L+5 (69) 
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1H NMR,13C NMR, 31P NMR and Mass Spectra 
 
Figure S11. 1H NMR spectrum of 2 (CDCl3, 300 MHz, 298 K). 
 
Figure S12. 13C NMR spectrum of 2 (CDCl3, 76 MHz, 298 K). 
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Figure S13. 1H NMR spectrum of 3a (CDCl3, 300 MHz, 298 K). 
 
Figure S14. 13C NMR spectrum of 3a (CDCl3, 76 MHz, 298 K). 
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Figure S15. 1H NMR spectrum of 3 (CDCl3, 300 MHz, 298 K). 
 
Figure S16. 13C NMR spectrum of 3 (CDCl3, 76 MHz, 298 K). 
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Figure S17. MALDI-TOF spectrum of 3. 
 
Figure S18. 1H NMR spectrum of TruPt (CDCl3, 300 MHz, 298 K). 
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Figure S19. 13C NMR spectrum of TruPt (CDCl3, 76 MHz, 298 K). 
 
Figure S20. 31P NMR spectrum of TruPt (CDCl3, 122 MHz, 298 K). 
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Figure S21. MALDI-TOF spectrum of TruPt. 
 
Figure S22. 1H NMR spectrum of 5 (CDCl3, 300 MHz, 298 K). 
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Figure S23. 13C NMR spectrum of 5 (CDCl3, 76 MHz, 298 K). 
 
Figure S24. MALDI-TOF spectrum of 5. 
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Figure S25. 1H NMR spectrum of 7 (CDCl3, 300 MHz, 298 K). 
 
 
Figure S26. 13C NMR spectrum of 7 (CDCl3, 300 MHz, 298 K). 
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Figure S27. MALDI-TOF spectrum of 7. 
 
Figure S28. 1H NMR spectrum of 8 (CDCl3, 300 MHz, 298 K). 
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Figure S29. 13C NMR spectrum of 8 (CDCl3, 300 MHz, 298 K). 
 
Figure S30. MALDI-TOF spectrum of 8. 
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Figure S31. 1H NMR spectrum of TIPSQ (CDCl3, 300 MHz, 298 K). 
 
Figure S32. 13C NMR spectrum of TIPSQ (CDCl3, 300 MHz, 298 K). 
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Figure S33. MALDI-TOF spectrum of TIPSQ. 
 
Figure S34. 1H NMR spectrum of DiTruPtQ (CDCl3, 300 MHz, 298 K). 
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Figure S35. 13C NMR spectrum of DiTruPtQ (CDCl3, 76 MHz, 298 K) 
 
Figure S36. 31P NMR spectrum of DiTruPtQ (CDCl3, 300 MHz, 298 K). 
161 
 
 
 
Figure S37. MALDI-TOF spectrum of DiTruPtQ. 
 
Figure S38. 1H NMR spectrum of TertTruPtQ (CDCl3, 300 MHz, 298 K). 
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Figure S39. 13C NMR spectrum of TertTruPtQ (CDCl3, 76 MHz, 298 K). 
 
Figure S40. 31P NMR spectrum of TertTruPtQ (CDCl3, 122 MHz, 298 K). 
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Figure S41. MALDI-TOF spectrum of TertTruPtQ. 
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Chapter 4 
Platinum Complexes of N, N′, N″, N‴-Diboronazophenines 
4.1 Project Outline 
The previous chapter aiming at fully understanding the triplet state of azophenine was unsuccessful 
despite the insertion of an organometallic fragments into the branches of azophenine through 
covalent bonds. Chapter 4 introduces a further modification by anchoring BF2+ moieties to the two 
nitrogen atoms thus forming cycles and improving the rigidity of the molecule. It also prevents H-
tautomerisation of azophenine. The modified azophenine derivatives show very low energy excited 
CT state confirmed by the absorption spectrum with tail extending all the way to 800 nm and are 
found emissive at 298K in solution in the NIR region. However, no phosphorescence was observed 
despite the presence of a (slow) triplet-triplet energy transfers from an upper truxene * manifold 
to the CT excited state of azophenine (3Tru-[Pt]* → 3CT*). The rate constants kET (T1) are 7.9 x 
103 s-1 (298 K) and 0.7 x 103 s-1 (77 K). In the absence of the sought phosphorescence, DFT 
calculations were performed to obtain a qualitative information on the location of the triplet state 
emission. From computations, the 1200-1400 nm window appears to be the region where to expect 
the phosphorescence. The absence of phosphorescence is explained by the small S0-T1 bandgap. 
Moreover, no electron transfer between the electron rich branches to the oxidized central core has 
been observed. The chapter provides possible avenues for structural modifications of emeraldine 
in order to improve its excited state lifetime for potential applications for solar cell devices. 
This project was all performed at the Université de Sherbrooke. The synthesis of the compounds 
was carried out by Lei Hu. The X-ray single crystal analysis was performed by Dr. Daniel Fortin. 
The routine photophysical measurements and analysis of the compounds were performed by Lei 
Hu. Ultrafast time-resolved spectroscopy and the corresponding data analysis (i.e. reports) were 
carried out by Paul-Ludovic Karsenti and Shawkat M. Aly, respectively. The DFT calculations 
were performed at the Université de Sherbrooke by Lei Hu. The first draft of the manuscript was 
prepared by Lei Hu. The final version was corrected by Prof. Pierre D. Harvey. 
This work has been submitted to Inorganic Chemistry, 2017 by Hu Lei, Shawkat M. Aly, Paul-
Ludovic Karsenti, Daniel Fortin and Pierre D. Harvey on 2017-07-30. 
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4.2 Article submitted to Inorganic Chemistry, 2017. 
Platinum Complexes of N, N′, N″, N‴-Diboronazophenines 
Hu Lei, Shawkat M. Aly, Paul-Ludovic Karsenti, Daniel Fortin and Pierre D. Harvey* 
Département de chimie, Université de Sherbrooke, Sherbrooke, QC, Canada J1K 2R1 
Correspondance to Pierre D. Harvey, email: Pierre.Harvey@USherbrooke.ca  
4.2.1 Abstract 
Azophenine, (-C6H5NH)2(C6H5-N=C6H2=N-C6H5), well known to be non-emissive, was 
rigidified by replacing two amine protons by two difluoroboranes (BF2+) and further functionalized 
at the para-positions of the phenyl groups by luminescent trans-ArC≡C-Pt(PR3)2-C≡C ([Pt]) arms 
(Ar = C6H4 (R = Et), hexa(n-hexyl)truxene) (Tru; R = Bu)). Two effects are reported. First, the 
linking of these [Pt] arms with the central azophenine (C6H4-N=C6H2(NH)2=N-C6H4; Q) generates 
very low energy charge transfer (CT) singlet and triplet excited states (3,1([Pt]-to-Q)*) with 
absorption bands extending all the way to 800 nm. Second, the rigidification of azophenine by the 
incorporation of BF2+ units renders the low-lying CT singlet state clearly emissive at 298 (and 77) 
K in the near-IR region. DFT computations place the triplet emission in the 1200-1400 nm range 
but no phosphorescence was detected. The photophysical properties are investigated and a 
circumstantial evidence for slow triplet energy transfers, 3Tru*→Q, is provided.  
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4.2.2 Introduction 
Azophenine was first reported in 1875,1 and was widely investigated for its H-tautomeric 
behavior.2-5 Moreover, this colored material was also increasingly used as a bis-chelate ligand in 
order to uncover the ligand-mediated electronic communication,6-8 as construct of single-molecule 
magnets,9, 10 as pH-dependent chromophore,11, 12 or as a platform for catalysts.13 There are various 
reported procedures to synthesize N,N′,N″,N‴-tetra(aryl or alkyl)-2,5-diamino- 1,4-quinone 
diimine derivatives. However, all these procedures focus on C-N bond formations between the 
central diaminoquinonediimine (daqdi) and its surrounding pendent N,N′,N″,N‴- tetra(aryl or alkyl) 
groups. These procedures include aniline oxidation,14-16 tetraamino- benzene alkylation,17 coupling 
reactions,9, 18 and modifications of the basic skeleton in which the phenine arms are functionalized. 
The modulation of the electronic density in the daqdi core can easily be performed by binding one 
(W(IV) and Re(I)),2, 19 two (Li+, Na+, Ni(II), Pd(II), Pt(II), Cu(II), Zn(II) and Sn(II))7, 8, 20-23 and 
even four metals (Pd(II))22 using the coordinating N-sites, through chelation (:N^N:) or 
monodentate (N:) linkages. So far, further modifications of the N,N′,N″,N‴-tetra(aryl or alkyl) arms 
to functionalize this p-quinonoid skeleton with either an electron or energy acceptor chromophore 
are rather rare. We have previously reported the synthesis of a convenient precursor by introducing 
Me3SiC≡C-arms at the para-position of the phenyl groups.24-26 The motivation was that 
azophenine is a good soluble model for polyaniline in its mixed-valence form (emeraldine). The 
latter is composed of both an oxidized quinone diimine unit linked to reduced amino-benzene 
fragment, as well. In this particular study, the various model compounds were not or only very 
weakly emissive at 298 K, and weakly fluorescent at 77 K. These features are still inconvenient 
for the investigation of the optical properties of the model azophenine and emeraldine in both 
solution and in the solid state at 298 K.  
We now report the synthesis and characterization of two complexes, TertPtBQ and TertTruPtBQ 
(Chart 1), where two specific modifications are made to the azophenine dye. BQ was also 
synthesized as a precursor for TertPtBQ and TertTruPtBQ. It can also be used as a model for 
comparison with azophenine. First, the replacement of the labile H+ ions on the HN^N moiety by 
BF2
+ fragments forming a cycle was performed. This rigidifies the central chromophore through 
chelation (BQ) and reduces the non-radiative rate constants, which increase the analytical emission 
signal. This approach is indeed successful. Second, the incorporation of conjugated Pt-containing 
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residues at the para-positions of the C6H4 groups was also made to induce the desired heavy atom 
effect promoting the efficient population of the triplet states. This is to localize the T1 states by 
measuring their phosphorescence bands and lifetimes. Unfortunately, it turns out that this was not 
the case, but the overall photophysical properties are still presented and discussed. 
 
Chart 1. Structures of BQ, TertPtBQ and TertTruPtBQ.  
4.2.3 Experimental Section 
Materials. Trans-Pt(PBu3)2Cl2,
27 4-ethynylaniline,28 iodo-Hexahexyltruxene (1),29 compound 430 
were prepared according to literature procedures. K2PtCl4, p-Toluenesulfonic acid, CuI, 
ethynyltrimethylsilane, PdCl2(PPh3)2 were purchased from Aldrich and were used as received. All 
flasks were dried under a flame to eliminate moisture. Solvents were distilled from appropriate 
drying agents and other reagents were used as received. 
Synthesis of 2. Ethynyltrimethylsilane (0.7 mL, 4.9 mmol), PdCl2(PPh3)2 (230 mg, 0.33 mmol), 
CuI (63 mg, 0.33 mmol), Et3N (3mL), and compound 1 (3.2 g, 3.3 mmol) were subsequently added 
into a 100 mL Schlenk tube containing 50mL THF under argon atmosphere. The resulting solution 
was stirred at room temperature overnight. After complete conversion of the starting materials as 
monitored by TLC, the solvent was evaporated. Chromatography on silica gel afforded the target 
compound as a yellow solid. (2.5g, 80%). 1H NMR (300 MHz, CDCl3) δ 8.44 – 8.34 (m, 2H), 8.31 
(d, J = 8.3 Hz, 1H), 7.61 – 7.51 (m, 2H), 7.48 (d, J = 6.8 Hz, 2H), 7.45 – 7.34 (m, 4H), 2.94 (ddd, 
J = 23.8, 14.8, 8.3 Hz, 6H), 2.22 – 1.95 (m, 6H), 0.90 (dd, J = 15.1, 8.2 Hz, 36H), 0.62 (td, J = 6.8, 
3.4 Hz, 18H), 0.57 – 0.39 (m, 12H), 0.34 (s, 9H). 13C NMR (76 MHz, CDCl3) δ 153.61, 153.58, 
153.53, 145.42, 145.09, 140.96, 140.13, 140.08, 138.55, 138.43, 137.64, 130.30, 126.46, 126.02, 
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125.48, 124.66, 124.60, 124.31, 122.18, 120.43, 106.12, 94.13, 55.69, 55.60, 37.08, 36.92, 36.83, 
31.53, 31.48, 29.49, 23.90, 22.28, 13.88, 0.12. 
Synthesis of 3. (a) To a 100 mL round bottom flask was added 20 mL of THF. The solvents were 
purged with argon before addition of compound 2 (2 g, 2.1 mmol). Tetrabutylammonium fluoride 
solution 1.0 M in THF (4 mL, 4 mmol) was then added. The reaction was stirred for 2 hours prior 
to quenching with drops of deionized water. Chromatography on silica gel afforded the target 
compound as yellow solid (1.7g, 91%). 1H NMR (300 MHz, CDCl3) δ 8.36 (dd, J = 13.4, 7.4 Hz, 
3H), 7.63 – 7.53 (m, 2H), 7.48 (d, J = 7.4 Hz, 2H), 7.45 – 7.34 (m, 4H), 3.21 (s, 1H), 3.08 – 2.78 
(m, 6H), 2.08 (td, J = 13.9, 6.8 Hz, 6H), 1.10 – 0.76 (m, 36H), 0.70 – 0.57 (m, 18H), 0.49 (dd, J = 
14.6, 7.3 Hz, 12H). 13C NMR (76 MHz, CDCl3) δ 153.73, 153.59, 153.49, 145.53, 145.15, 145.06, 
141.21, 140.11, 140.04, 138.60, 138.46, 137.54, 130.24, 126.49, 126.03, 125.80, 124.68, 124.59, 
124.40, 122.17, 119.43, 84.64, 55.70, 55.67, 55.63, 37.07, 36.91, 36.81, 31.48, 29.48, 29.45, 23.89, 
22.27, 13.88. (b). PtCl2(PBu3)2 (0.5 g, 0.63 mmol), CuI (33 mg, 0.17 mmol), Et3N (3mL), and 
compound from step (a) (0.5 g, 0.57 mmol) were subsequently added into a 100 mL Schlenk tube 
containing 50mL THF under argon atmosphere. The resulting solution was stirred at room 
temperature for 2h. After complete conversion of the starting materials as monitored by TLC, the 
solvent was evaporated. Chromatography on silica gel afforded the target compound as yellow 
solid. (0.47 g, 54%). 1H NMR (300 MHz, CDCl3) δ 8.37 (d, J = 6.5 Hz, 2H), 8.20 (d, J = 8.4 Hz, 
1H), 7.52 – 7.44 (m, 2H), 7.41 (dt, J = 10.9, 3.0 Hz, 4H), 7.34 (s, 1H), 7.28 (s, 1H), 3.04 – 2.83 
(m, 6H), 2.20 – 1.94 (m, 18H), 1.66 (s, 12H), 1.55 – 1.38 (m, 12H), 0.94 (dt, J = 16.2, 8.4 Hz, 
54H), 0.68 – 0.56 (m, 18H), 0.50 (s, 12H). 13C NMR (76 MHz, CDCl3) δ 156.75, 153.62, 153.34, 
144.85, 144.40, 140.38, 138.27, 137.70, 126.25, 125.88, 124.60, 124.39, 124.14, 122.13, 55.57, 
55.41, 36.97, 31.54, 31.48, 29.53, 29.49, 26.16, 24.48, 24.39, 24.30, 23.88, 22.28, 22.11, 21.89, 
13.87, 13.84. MALDI-TOF: m/z calculated C89H143ClP2Pt (M+H) 1505.60, found 1505.26. 
Synthesis of BQ. To a 100 mL round bottom flask was added 10 mL of EtN3 and 20 mL of toluene. 
The solvents were purged with argon before addition of compound 4 (300 mg, 0.36 mmol), Boron 
trifluoride diethyl etherate (1 mL, 1 mmol) was then added. The reaction was stirred at 90 °C for 
2h prior to filter off the salt and then evaporate under vacuum. Chromatography on silica gel 
afforded the target compound as red solid (50 mg, 15%). 1H NMR (300 MHz, CDCl3) δ 7.55 (d, J 
= 8.6 Hz, 8H), 7.34 (d, J = 8.6 Hz, 8H), 5.88 (s, 2H), 0.28 (s, 36H). 13C NMR (76 MHz, CDCl3) δ 
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157.08, 137.37, 133.38, 124.14, 123.15, 103.87, 96.50, 84.37, -0.12. MALDI-TOF: m/z calculated 
C50H54B2F4N4Si4 (M) 920.96, found 901.36 (M-F). 
Synthesis of 5. To a 100 mL round bottom flask was added 20 mL of DCM/MeOH (v/v = 2:1). 
The solvents were purged with argon before addition of compound BQ (40 mg, 0.04 mmol). 
K2CO3 (0.5 g, 3.6 mmol) was then added. The reaction was stirred for 2 hours prior to filter off 
the salt and then evaporate under vacuum. Chromatography on silica gel afforded the target 
compound as black solid (25 mg, 92%). 1H NMR (300 MHz, CDCl3) δ 7.60 (d, J = 8.6 Hz, 8H), 
7.38 (d, J = 8.6 Hz, 8H), 5.90 (s, 2H), 3.19 (s, 4H). 13C NMR (76 MHz, CDCl3) δ 133.21, 133.06, 
120.77, 104.86, 94.23, 93.65, 92.25, 83.53, 67.73, 33.09, 25.91, 20.98, 0.02. MALDI-TOF: m/z 
calculated C38H22B2F4N4 (M) 632.24, found 613.21 (M-F). 
Synthesis of TertPtBQ. To a 50 mL Schlenk tube was added 20 mL of Et3N, the solvents were 
purged with argon before addition of Trans-chloro(phenylethynyl)bis(triethylphosphine)platinum 
(54 mg, 94.9×10-3 mmol) and compound 5 (10 mg, 15.8×10-3 mmol). The resulting solution was 
stirred at 110°C overnight. After complete conversion of the starting materials as monitored by 
TLC, the solvent was evaporated. The product was purified on a silica column (Hexanes/EA=5/1 
as the solvent) to give the compound TertPtBQ as blue solid (34 mg, 78%). 1H NMR (300 MHz, 
CDCl3) δ 7.32 (dd, J = 13.0, 7.4 Hz, 24H), 7.23 (t, J = 7.4 Hz, 8H), 7.14 (t, J = 7.2 Hz, 4H), 6.12 
(s, 2H), 2.19 (m, 48H), 1.35 – 1.16 (m, 72H). MALDI-TOF: m/z calculated C118H158B2F4N4P8Pt4 
(M) 2758.33, found 2739.13 (M-F). 
Synthesis of TertTruPtBQ. To a 50 mL Schlenk tube was added 20 mL of Et3N, the solvents 
were purged with argon before addition of 3 (143 mg, 94.9×10-3 mmol) and compound 5 (10 mg, 
15.8×10-3 mmol). The resulting solution was stirred at 110°C overnight. After complete conversion 
of the starting materials as monitored by TLC, the solvent was evaporated. The product was 
purified on a silica column (Hexanes/EA=5/1 as the solvent) to give the compound TertTruPtBQ 
as blue solid (79 mg, 77%). 1H NMR (300 MHz, CDCl3) δ 8.37 (d, J = 7.3 Hz, 8H), 8.20 (d, J = 
8.6 Hz, 4H), 7.46 (d, J = 6.6 Hz, 9H), 7.35 (t, J = 11.8 Hz, 39H), 6.22 (s, 2H), 2.94 (td, J = 12.2, 
8.1 Hz, 24H), 2.42 – 2.16 (m, 48H), 2.13 – 1.90 (m, 24H), 1.80 – 1.62 (m, 48H), 1.61 – 1.43 (m, 
48H), 1.19 – 0.75 (m, 216H), 0.62 (td, J = 6.3, 3.4 Hz, 72H), 0.57 – 0.30 (m, 48H). 13C NMR (76 
MHz, CDCl3) δ 153.62, 153.29, 144.89, 144.36, 140.41, 138.42, 138.24, 137.52, 134.61, 131.86, 
131.19, 128.86, 126.22, 125.86, 124.59, 123.65, 122.12, 55.55, 55.40, 53.43, 36.97, 31.57, 31.50, 
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31.47, 29.56, 29.50, 26.45, 24.60, 24.51, 24.42, 24.26, 24.04, 23.88, 22.32, 22.29, 13.92, 13.89. 
31P NMR (122 MHz, CDCl3) δ 3.10 (t, 2358). 31P NMR (122 MHz, CDCl3) δ 3.10 (t, 2358). 
MALDI-TOF: m/z calculated C394H590B2F4N4P8Pt4 (M) 6504.29, found 6486.62 (M-F). 
Instruments.  The 1H and 13C NMR spectra were collected on a Bruker DRX400 spectrometer 
using the solvent as chemical shift standard. The coupling constant are in Hz. MALDI-TOF mass 
spectra were recorded on a Bruker BIFLEX III TOF mass spectrometer (Bruker Daltonics, 
Billerica, MA, USA) using a 337 nm nitrogen laser with dithranol as matrix. The spectra were 
measured from freshly prepared samples. The absorption spectra in the solution were measured on 
a Varian Cary 300 Bio UV-vis spectrometer at 298 K and on a Hewlett-Packard 8452A diode array 
spectrometer with a 0.1 s integration time at 77 K. The steady state fluorescence (< 820 nm) and 
the corresponding excitation spectra were acquired on an Edinburgh Instruments FLS980 
phosphorimeter equipped with single monochromators, while steady-state near-infrared (NIR) 
emissions were measured by QuantaMaster 400 phosphorimeter from Photon Technology 
International, upon excitation by a xenon lamp and recording with a NIR PMT-7-B detector. 
Fluorescence lifetime measurements were made with the FLS908 spectrometer using a 378 nm 
picosecond pulsed diode laser (fwhm = 78 ps) as an excitation source. Data collection on the 
FLS980 system was performed by time correlated single photon counting (TCSPC). All 
fluorescence spectra were corrected for instrument response. 
Fast kinetic fluorescence measurements. The short components of the fluorescence decays were 
measured using the output of an OPA (OPA-800CF, SpectraPhysics) operating at λexc = 490 nm, 
a pulse width of 90 fs, rep. rate = 1 kHz, pulse energy = 1.6 μJ per pulse, spot size ∼ 2 mm, and a 
Streak camera (Axis-TRS, Axis Photonique Inc.) with less than 8 ps resolution. The results were 
also globally analysed with the program Glotaran (http://glotaran.org) permitting to extract a sum 
of independent exponentials ( 𝐼(𝜆, 𝑡) = 𝐶1(𝜆)× 𝑒
−
𝑡1
𝜏 + 𝐶2(𝜆)× 𝑒
−
𝑡2
𝜏 + ⋯ ). 
Computations. All density functional theory (DFT) calculations were performed with Gaussian 
0931 at the Université de Sherbrooke with the Mammouth supercomputer supported by Le Réseau 
Québécois De Calculs Hautes Performances. The DFT geometry optimisations and Time 
dependant DFT (TD-DFT) calculations32-41 were carried out using the B3LYP method. A 6-31g* 
basis set was used for C, H, N atoms
42-47. Theoretical UV-visible absorption spectra were obtained 
using GaussSum48. 
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X-ray Crystallography Procedures. The X-ray intensity data were measured on a Bruker Apex 
DUO system equipped with a Cu Kα ImuS micro-focus source with MX optics (λ = 1.54178 Å). 
The frames were integrated with the Bruker SAINT software package using a wide-frame 
algorithm49. The integration of the data using an orthorhombic unit cell. Data were corrected for 
absorption effects using the multi-scan method (SADABS).49 The structure was solved and refined 
using the Bruker SHELXTL Software Package.50, 51 The crystallographic data for the structure 
reported in this paper has been deposited in the Cambridge Crystallographic Data Centre (CCDC 
1566056-1566058). 
4.2.4 Results and Discussion 
4.2.4.1 Synthesis 
BQ, TertPtBQ and TertTruPtBQ are prepared from compounds 1 and 4 (Scheme 1).24,30  
 
Scheme 1. Synthesis of BQ, TertPtBQ and TertTruPtBQ. Reagents and conditions: (i) 
ethynyltrimethylsilane, PdCl2(PPh3)2, CuI, Et3N, 298 K, 80%; (ii) a. TBAF, THF, 298 K, 91%; b. 
PtCl2(PBu3)2, CuI, THF, Et3N, 298 K, 2h, 54%; (iii) BF3•OEt2, Et3N, toluene, 90 °C, 2h, 15%; (iv) 
K2CO3, DCM/MeOH, 298 K, 2h, 92%; (v) Et3N, 110 °C, 2h, 77-78%. 
After a Sonagashira cross-coupling reaction and a deprotection (i.e. removal of SiMe3), the mono- 
alkynyl truxene (Tru-C≡CH; not shown in Scheme 1) obtained from compound 2 was reacted 
with PtCl2(PBu3)2 to afford 3. BQ was obtained by reacting compound 4 and BF3•OEt2 in toluene 
at 90 °C for 2h with a yield of 15%. After deprotection of trimethylsilane, precursor 5 was obtained. 
It was then coupled with 3 or trans-chloro(phenylethynyl)bis(triethylphosphine)platinum(II) in 
Et3N at 110 °C to afford TertTruPtBQ and TerPtBQ, respectively. The formation of BQ, 
TertPtBQ and TertTruPtBQ was confirmed by 1H and 31P NMR, MALDI-TOF and X-ray 
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crystallography. The disappearance of the 8.33 ppm signal (1H NMR) for BQ and the chemical 
shift of the C-H resonance of the central six-membered ring shifts from  6.27 (4) to  5.88 (BQ) 
indicates that the N-H protons were substituted by BF2
+ (Figure 1). The shift of the Ha resonance to 
higher field (Ha’) manifests the delocalization of boron-located electrons over the whole daqdi 
plane. The downfield resonance for TertTruPtBQ compared to that for BQ indicates the 
successful coupling of 3 and 5. It also suggests an extension of conjugation along the branches 
reduces the electron density over the central ring. 
 
Figure 1. Comparison of 1H NMR spectrum (300 MHz, 298 K, CDCl3) of 4, BQ and 
TertTruPtBQ.  
4.2.4.2 Crystallography  
Translucent intense purple plates of BQ and translucent dark green prisms of 5 were obtained 
through slow evaporation of a mixture of MeOH/DCM. In parallel, metallic dark black prisms of 
TertPtBQ were obtained through slow evaporation of a mixture of MeOH/acetone. BQ crystalizes 
in a monoclinic P 1 21/c 1 space group, while 5 and TertPtBQ stack in a triclinic P -1 fashion 
(Figure 2, Table S1).  
For BQ, the bond lengths of B1-N1 (1.564(4) Å) and B1-N2 (1.563(5) Å) are comparable of B–
N(imine) coordination bonds rather than covalent B–N(amine) bond (note that the bond lengths 
for boron difluoride complexes with covalent B–N(amine) and coordination B–N(imine) bond are 
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in the ranges 1.51-1.53 and 1.56–1.58 Å, respectively),6, 52 which suggests that both N atoms 
exhibit an imine character (sp2) also meaning they provide one  electron for resonance structures.6 
The bond lengths of N=C–C=N moieties of the daqdi plane display a single/double bond 
alternation where the C8-C10 bond length is the longest for BQ suggesting that the daqdi moiety 
can be considered as consisting of two six -electron independent segments.6 The bond lengths 
listed in Table 1 for BQ, 5 and TertPtBQ are very similar (the differences are < 0.011 Å), 
indicating the skeletons are the same. 
 
Figure 2. X-ray structures of the centrosymmetric BQ (top left), 5 (top right) and TertPtBQ 
(bottom). The percentage probability of the thermal ellipsoids is 50%. The hydrogen atoms are 
omitted for clarity. Details are placed in the SI. 
Table 1. Selected bond lengths (Å) for BQ, 5 and TertPtBQ. 
BQ 5 TertPtBQ 
N1-B1 1.564(4) N1-B1 1.561(2) N2-B1 1.555(10) 
N2-B1 1.563(5) N2-B1 1.569(2) N1-B1 1.569(8) 
C14-N2 1.434(4) C15-N2 1.4234(19) C4-N1 1.423(8) 
C10-N2 1.326(4) C8-N2 1.3315(19) C1-N1 1.321(9) 
C8-C10 1.492(4) C7-C8 1.500(2) C1-C2 1.501(8) 
C9-C10 1.392(4) C9-C8 1.393(2) C1-C3 1.403(9) 
C8-C9 1.375(4) C7-C9 1.387(2) C3-C2 1.383(10) 
C8-N1 1.333(4) C7-N1 1.3293(19) C2-N2 1.324(9) 
C7-N1 1.430(4) C6-N1 1.432(2) C33-N2 1.429(8) 
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4.2.4.3 Photophysical Characterization 
The absorption spectra of BQ, TertPtBQ and TertTruPtBQ in 2MeTHF exhibit intense 
absorption bands in the 250-400 nm range with extinction coefficients in the order of 104-105 mol-
1 m-1 (Fig. 3 and Table 2). For BQ, the bands centered at 305 and 467 nm are readily assigned to 
localized → transition of the arm units and a charge-transfer (CT) transition from the four 
branches to the central boron-daqdi core, as confirmed by DFT computations below. 
 
Figure 3. UV-vis absorption spectra for BQ, TertPtBQ and TertTruPtBQ in 2MeTHF at 298 K. 
Table 2. UV-vis absorption data for BQ, TertPtBQ and TertTruPtBQ in 2MeTHF at 298 K.  
 λabs (nm) (ε×10-4 (M-1cm-1)), 2MeTHF (298K) 
BQ 306 (3.3), 467 (3.3), 661 (0.2) 
TertPtBQ 264 (6.0), 286 (5.2), 339 (7.2), 563 (2.1) 
TertTruPtBQ 262(14.0), 271(15.0),
 282(16.3), 295(20.2), 309(20.6),
 348(25.0), 362(23.1), 
570(4.1) 
A weaker absorption observed at ~ 661 nm is also assigned to a lower energy [Pt]-to-Q CT 
transition.8 The red shift of the CT band going from 407 to 467 to 562 to 571 nm for the progression 
4 → BQ → TertPtBQ → TertTruPtBQ indicates an increase in conjugation induced by the BF2+ 
group (4
 → BQ)6 and in electron donating ability of the arms (TMS < Pt(PEt3)2(C≡CC6H5) < 
Pt(PBu3)2(C≡CTru)).53, 54 The weaker 661 nm peak seems to be covered by the long tail of the 
stronger CT absorption upon its shifting. DFT and TDDFT computations corroborate these 
assignments (Figure 4; Table 3). The geometry optimization (DFT; B3LYP) for BQ, TertPtBQ, 
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and TertTruPtBQ indicates that the dihedral angles made the  and  planes vs the  planes 
remains constant (41.4 <  < 44.1°). This result is consistent with the X-ray data for BQ and 
TertPtBQ (Figure 2, Table 3). This observation indicates that the formation of arm-to-Q CT 
excited state should proceed similarly for BQ, TertPtBQ and TertTruPtBQ. 
 
Figure 4. Optimized geometry for BQ (up left), TertPtBQ (up right) and TertTruPtBQ (down) 
using a THF solvent field, hydrogen was omitted for TertTruPtBQ for clarity. The inset picture 
(bottom right) defines the codes for each arm (A) is for the calculations of the atomic contributions 
of the frontier MOs for various fragments (see Table 6). 
Table 3. Comparison of θαβ and θαγ between X-ray and DFT data for BQ and TertPtBQ. 
 
BQ (X-ray) TertPtBQ (X-ray) BQ (DFT) TertPtBQ (DFT) 
θαβ (°) 48.65 37.39 44.1 42.9 
θαγ (°) 48.25 46.62 44.1 43.2 
The analysis of the atomic contributions in the frontier MOs confirms the presence of [Pt]-to-Q 
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CT excited state where the LUMO exhibit contributions mainly on the azophenine core whereas 
the filled MOs show major contribution in the trans-ArC≡C-Pt(PR3)2-C≡C [Pt] arms (Fig. 5-7; 
Table 4). 
 
Figure 5. Representations of the frontier MOs of BQ based on the crystal structure and using a 
THF solvent field (energies in eV). 
 
Figure 6.  Representations of the frontier MOs of TertPtBQ based on an optimized geometry and 
using a THF solvent field (energies in eV). 
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Figure 7. Representations of the frontier MOs of TertTruPtBQ based on an optimized geometry 
and using a THF solvent field (energies in eV).  
The calculated
 positions of the pure electronic transitions, oscillator strengths, and major
 
contributions to the transitions for BQ and TertPtBQ are provided in Table 5 (TDDFT). From the 
contributions, all these transitions are nearly 100 % HOMO-x → LUMO and indicate clearly the 
presence of [Pt]-to-Q CT processes. The calculated lowest energy transitions are respectively 
placed at 719 and 872 nm. These positions correspond to a long tail on the red side of the stronger 
CT bands. The f values are essentially nil, but the fluorescence bands corroborate these positions 
(below). Simulated spectra were generated by plotting the oscillator strengths (f) vs wavelength 
(nm) of the computed position of the transitions
 and assigning an arbitrary FWHM of 1500 cm-1 to 
each transition (Figure 8). 
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Table 4. Calculated distributions of the atomic contributions of the frontier MOs for various 
fragments of the optimized geometry in the ground state for BQ, TruPtBQ and TertTruPtBQ.  
BQ H-4 H-3 H-2 H-1 HOMO LUMO L+1 
central core 42.95 8.38 12.57 34.90 55.06 79.60 18.64 
Arms 1 and 3 28.51 45.84 43.75 32.52 22.47 10.20 40.62 
Arms 2 and 4 28.55 45.78 43.68 32.58 22.48 10.20 40.74 
 
TertPtBQ H-4 H-3 H-2 H-1 HOMO LUMO L+1 
central core 15.91 3.02 4.42 6.21 19.53 78.53 12.09 
Arm 1 and 3 62.18 64.32 93.04 2.03 30.19 10.77 4.60 
Arm 2 and 4 21.91 32.67 2.54 91.76 50.27 10.71 83.31 
        
TertTruPtBQ H-4 H-3 H-2 H-1 HOMO LUMO L+1 
central core 9.59 0.82 2.08 3.75 16.13 78.19 6.53 
Arm 1 and 3 45.38 25.18 24.44 82.33 47.89 10.99 77.85 
Arm 2 and 4 45.02 74.01 73.47 13.93 35.97 10.82 15.62 
aSee Figure 4 for the representations of arms 1, 2, 3, and 4.   
Table 5. Calculated positions of the pure electronic transitions, oscillator strengths (f), and major 
contributions to the transitions for BQ and TertPtBQ.a 
No. λ (nm) f Major contribitions for BQ (in %) 
1 719 0 HOMO→LUMO (100) 
2 565 0.6166 H-1→LUMO (99) 
3 541 0.7602 H-2→LUMO (100) 
4 463 0 H-3→LUMO (99) 
5 448 0 H-4→LUMO (97) 
 
No. λ (nm) f Major contributions for TertPtBQ (in %) 
1 872 0.0002 HOMO→LUMO (97) 
2 794 0.6029 H-1→LUMO (99) 
3 763 0.6554 H-2→LUMO (98) 
4 701 0.0009 H-3→LUMO (99) 
5 644 0.0336 H-4→LUMO (94) 
6 613 0.1571 H-5→LUMO (96) 
7 563 0.09 H-6→LUMO (96) 
8 552 0.0248 H-7→LUMO (85) 
9 543 0.0036 H-8→LUMO (80) 
aA THF solvent field was applied. See SI for the 100 transitions. Note that not TDDFT 
computations could be performed for TertTruPtBQ due to the size of the molecule. 
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Figure 8. Graph reporting the f vs the calculated positions of the 100st electronic transitions (blue) 
for BQ and TertPtBQ (optimized geometry using a THF solvent field). The black line is generated 
by applying a FWHM of 1500 cm-1. 
The fact that the calculated positions of the CT bands are more red-shifted for TertPtBQ than that 
for BQ is consistent with the experimental spectra (Figure. 3). Globally there is a similitude 
between the calculated and observed absorption spectra, which provides support for the assignment 
of the lowest energy excited states being [Pt]-to-Q CT. 
The emission spectra originating from these arm-to-Q CT states at 77 and 298 K exhibit well-
defined bands in the near-IR region (Figure 9). Based upon the proximity of these bands with the 
CT absorptions (plus their tails) as well as their calculated positions, and their short lifetimes 
(Table 6), these emissions are readily assigned to fluorescence. This result where an emission is 
reliably detected at 298 K contrasts with the data reported for the previous models where no BF2-
cyclisation was employed.24-26 The F`s were measured by time-resolved spectroscopy (by Streak 
camera; see Figure 10 as an example; IRF ~ 10 ps). The increase in (S1) going from compound 4 
(~1 and 5 ps extracted from fs transient absorption spectroscopy)24 to BQ (107 ps) is striking.
 At 
77 K, 4 also shows a biphasic trace (F = 0.30 (major) and 1.67 ns (minor)).24 The former value 
compares favorably to 312 ps for BQ, and simply reflects that the medium rigidity prevents non-
radiative deactivation through molecular motions in 4. The lower F values for the [Pt]-containing 
species is consistent with the heavy atom effect which increases the rate for intersystem crossing. 
For TertTruPtBQ, the localized * excited state fluorescence from the truxene groups is 
depicted at 389 nm, whereas the strong emission placed in 500-800 nm range is the 
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phosphorescence of the [Pt] unit55-57 (i.e. trans-TruC≡C-Pt(PBu3)2-C≡C; Figure 10; P = 24.4 (298) 
and 260 s (77 K)).  
 
Fig. 9. UV-vis absorption (black), excitation (blue) and emission (red) spectra for BQ, TertPtBQ 
and TertTruPtBQ in 2MeTHF at 298 K (left) and 77K (right), respectively. 
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Table 5. Emission lifetimes of BQ, TertPtQ and TertTruPtBQ in 2MeTHF. 
 298 K  77 K 
 F (nm) F (± 10 %) F (nm) F (± 10 %)
BQ 805, 918 107 ps 836, 932 312 ps 
TertPtQ 856, 948 22.6 ps 870, 937 96.8 ps 
TertTruPtBQ 876, 948 23.4 ps 870, 933 78.0 ps 
 
Figure 10. Time-resolved spectra of BQ (left) TertPtBQ (middle) and TertTruPtBQ (right) in 
2MeTHF at 298 K. The spectra are not corrected for the apparatus response. 
 
Figure 11. UV−Vis absorption (black), excitation (blue) and emission (red) spectrum of the local-
excited state for TertTruPtBQ in 2MeTHF at 298 (left) and 77 K (right), respectively.  
These values fall somewhat short in comparison to that reported for Tru-[Pt]-NH2 (Chart 2),25 thus 
suggesting some quenching by triplet-triplet energy transfers localized 3Tru-[Pt]* → 3CT*. Using 
the relationship kET(T1) = (1/P) – (1/P°), where P and P° are the phosphorescence lifetimes of 
the donor ([Pt]) respectively in the presence and the absence of an energy acceptor (here central 
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core). Using the P° data for Tru-[Pt]-NH2 (Chart 2) and those for TertTruPtBQ, the kET(T1) 
values are 7.9 x 103 s-1 (298 K) and 0.7 x 103 s-1 (77 K). These values are typical for [Pt]-/Tru-
containing species, but should be considered to be rather slow.54 Moreover, because the absorption 
and fluorescence bands do not drastically change with the temperature, the spectral overlap 
between the fluorescence band of the donor and the absorption one of the acceptor (J-integral)55 is 
not prone to be strongly change. All in all, these rates should be taken lightly as they may likely 
represent a mixture of kET(T1) and the non-radiative rate constant for the T1 manifold (kP(T1)), 
which is most-likely temperature dependent. 
 
Chart 2. Structure of Tru-[Pt]-NH2 (P = 30.3 (298) and 320 s (77 K) s).25  
Considering the generally efficient intersystem crossing process for the platinum-containing 
species, which is evident for TertTruPtBQ at both 298 and 77 K (i.e. presence of a strong 
phosphorescence arising from the [Pt]-chromophore), and the presence of some triplet-triplet 
energy transfer (localized 3Tru-[Pt]* → Q(CT)) and the increase in rigidity of the central core of 
azophenine, a phosphorescence signal was anticipated. Unfortunately, no emission attributable to 
a triplet emission was detected in the 800-1390 nm window (i.e. limit of the detector) for BQ, 
TertPtBQ and TertTruPtBQ. Using the difference in total energies of the optimized geometries 
in the ground (S0) and low energy triplet excited
 (T1)
 states for BQ (0.975 eV) and TertPtBQ (0.84 
eV), the position of the 0-0 phosphorescence peaks are respectively 1273 and 1478 nm (Table 7).  
Table 6. Predicted positions of the phosphorescence (DFT; B3LYP). 
 
E ground state (a.u.) E triplet state (a.u.) ∆E (eV) λ cald. pos. phosphorescence (nm) 
BQ -3764.242 -3764.207 0.975 1273 
TertPtBQ -8470.137 -8470.107 0.840 1478 
This difference represents a 1089 cm-1 red shift. This calculated bathochromic shift is consistent 
with the behaviour of the absorption and fluorescence bands of BQ vs TertPtBQ. The magnitude 
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of this energy difference is also reasonable when considering the difference extracted for the 
fluorescence maxima listed in Table 6 (1240 (298) and 470 cm-1 (77 K)) and taking into account 
the uncertainty associated with the broad signals. 
4.2.5 Conclusion 
The new model compounds introducing two chelated BF2+ units in the azophenine structure along 
with the anchoring of four emissive Pt-containing groups at the para-position of the C6H4 pendent 
groups rendered the optically silent azophenine fluorescent and phosphorescent in the upper 
excited states. This is interesting because the related trans-C6H5C≡C-Pt(PEt3)2-C≡CC6H5 complex 
is simply not luminescent at room temperature.56 Moreover, these structural modifications allowed 
to render the azophenine chromophore luminescent from its lower singlet excited state (S1) at room 
temperature, which was at best only fluorescent at 77 K based on a previous investigation on a 
different derivative.24-26 All of these findings were corroborated by DFT and TDDFT computations. 
More importantly, the azophenine was recently used as a model for emeraldine (i.e. polyaniline in 
its mixed valence form),24 also renown for being non-emissive. The current model demonstrated 
clearly that no electron transfer processes occurred between the electron rich arms and the oxidized 
central core. Thus, this work also predicts the position of the triplet state energy of emeraldine on 
the basis of DFT computations, but at the same time suggesting that the absence of emission in the 
polymer is not due to intramolecular electron transfer, but rather from very efficient internal 
conversion processes occurring via the N-C single bonds. This work now offers possible avenues 
of structural modification of emeraldine to render it emissive (i.e. increasing its singlet excited 
states) for potential applications in solar cell. The branching of appropriate groups can be well 
tested chromophores like porphyrin and BODIPY, which can serve as antenna and electron donor.  
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4.2.7 Supporting Information 
The crystal data and structures for BQ and TertPtBQ, time-resolved emission spectra at 298K and 
77K, DFT computations results for BQ, TertPtBQ and TertTruPtBQ, 1H NMR,13C NMR, 31P 
NMR and mass spectra were listed in the supporting information. The Supporting Information is 
available free of charge via the Internet at http://pubs.acs.org. 
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Table S1. Crystallographic data of BQ, 5 and TertPtBQ. 
Compound BQ 5 TertPtBQ 
Formula C50H54B2F4N4Si4 C38H22B2F4N4 C61.50H84BF2N2O
P4Pt2 
Formula weight 920.95 632.22 1430.18 
Temp(K) 173(2) K 173(2) K 173(2) K 
Wavelength(Å) 1.54178 Å 1.54178 Å 1.54178 Å 
Crystal size(mm) 0.010 x 0.400 x 0.500 
mm 
0.160 x 0.340 x 0.470 
mm 
0.150 x 0.180 x 
0.500 mm 
Crystal habit translucent intense 
purple Plate 
translucent dark green 
Prism 
Metallic dark 
black Prism 
Crystal system monoclinic triclinic triclinic 
Space group P 1 21/c 1 P -1 P -1 
a (Å) 23.3666(8) 10.1908(3)  9.1677(3) 
b (Å) 8.8672(3) 10.9062(3)  16.8482(5) 
c (Å) 12.5679(4) 14.9925(4)  21.8171(7) 
α (deg) 90° 78.6710(10)° 72.1240(10) 
β (deg) 93.893(2)° 76.2140(10)° 86.5910(10) 
γ (deg) 90° 85.7300(10)° 81.2500(10) 
Volume(Å3) 2598.01(15) 1586.11(8) 3169.55(17) 
Z 4 2 2 
Density (calculated) 1.177 g/cm3 1.324 g/cm3 1.499 
Absorption 
coefficient 
1.476 mm-1 0.781 mm-1 9.439 
F(000) 968 648 1428 
Reflections collected 32305 8881 17751 
Independent 
reflections 
4918 [R(int) = 0.1729] 5912 [R(int) = 0.0236] 11782 [R(int) = 
0.0276] 
Maximum θ angle 70.87° 70.79° 71.18° 
Data/restraints/para
meters 
4918 / 0 / 295 5912 / 0 / 434 11782 / 4 / 664 
Goodness-of-fit on F2 0.988 1.138 1.067 
R indices（all data） 3245 data; I>2σ(I) 5379 data; I>2σ(I) 10953 data; 
I>2σ(I) 
Largest diff. peak 
and hole 
0.671 and -0.534 eÅ-3 0.277 and -0.202 eÅ-3 2.380 and -2.568 
eÅ-3 
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Table S2. Calculated positions of the pure electronic transitions, oscillator strengths (f), and major 
contributions for BQ and TertPtBQ. 
No. λ (nm) f Major contribs for BQ (crystal structure)  
1 719 0 HOMO→LUMO (100%)  
2 565 0.6166 H-1→LUMO (99%) 
3 541 0.7602 H-2→LUMO (100%) 
4 463 0 H-3→LUMO (99%) 
5 448 0 H-4→LUMO (97%) 
6 381 0 H-10→LUMO (94%) 
7 381 0.0002 H-11→LUMO (94%) 
8 380 0.0037 H-13→LUMO (91%) 
9 380 0 H-12→LUMO (97%) 
10 366 0.0005 H-6→LUMO (93%) 
11 366 0 H-8→LUMO (69%), H-7→LUMO (27%) 
12 366 0.0017 H-9→LUMO (32%), H-8→LUMO (13%), H-7→LUMO (49%) 
13 366 0.0025 H-9→LUMO (62%), H-8→LUMO (14%), H-7→LUMO (18%) 
14 364 0.2314 H-5→LUMO (88%) 
15 321 0.5157 HOMO→L+2 (96%) 
16 320 0.8914 HOMO→L+1 (93%) 
17 313 0.0059 H-14→LUMO (92%) 
18 300 0 H-15→LUMO (89%) 
19 297 0 H-1→L+2 (32%), HOMO→L+4 (65%) 
20 295 0 H-16→LUMO (31%), HOMO→L+3 (62%) 
21 291 0 H-16→LUMO (42%), H-1→L+1 (23%), HOMO→L+3 (33%) 
22 288 0 H-16→LUMO (22%), H-1→L+1 (68%) 
23 288 0 H-1→L+2 (65%), HOMO→L+4 (33%) 
24 285 0.0151 H-17→LUMO (92%) 
25 279 0 H-2→L+1 (96%) 
26 274 0.5992 H-22→LUMO (32%), H-1→L+3 (58%) 
27 270 0.001 H-19→LUMO (13%), H-18→LUMO (78%) 
28 270 0.0042 H-21→LUMO (15%), H-19→LUMO (66%), H-18→LUMO (15%) 
29 270 0.0002 H-21→LUMO (10%), H-20→LUMO (81%) 
30 270 0.0002 H-21→LUMO (70%), H-20→LUMO (12%), H-19→LUMO (16%) 
31 270 0 H-2→L+2 (85%) 
32 269 0.0123 H-22→LUMO (60%), H-1→L+3 (33%) 
33 268 0 HOMO→L+6 (66%) 
34 268 0.0022 H-1→L+4 (70%), HOMO→L+7 (13%) 
35 268 0.0022 HOMO→L+5 (64%) 
36 267 0.0304 H-1→L+4 (14%), HOMO→L+7 (60%) 
37 267 0 HOMO→L+8 (69%) 
38 266 0 H-23→LUMO (84%) 
39 261 0.1272 H-3→L+1 (37%), H-2→L+3 (44%) 
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40 260 0 H-24→LUMO (95%) 
41 259 1.0436 H-26→LUMO (10%), H-3→L+2 (15%), H-2→L+4 (66%) 
42 257 0.0003 H-25→LUMO (12%), H-3→L+1 (50%), H-2→L+3 (36%) 
43 255 0.0007 H-25→LUMO (78%) 
44 254 0.1484 H-26→LUMO (21%), H-3→L+2 (65%) 
45 253 0.0033 H-26→LUMO (59%), H-3→L+2 (12%), H-2→L+4 (24%) 
46 252 0 H-27→LUMO (91%) 
47 250 0.0028 H-9→L+3 (16%), H-8→L+1 (21%), H-7→L+2 (17%), H-6→L+4 
(14%) 
48 250 0.0015 H-9→L+4 (14%), H-8→L+2 (21%), H-7→L+1 (18%), H-6→L+3 
(17%) 
49 250 0.0001 H-9→L+1 (29%), H-8→L+3 (12%), H-7→L+4 (12%), H-6→L+2 
(22%) 
50 250 0.0001 H-9→L+2 (24%), H-8→L+4 (13%), H-7→L+3 (12%), H-6→L+1 
(24%) 
51 248 0.1284 H-4→L+1 (83%) 
52 247 0 H-2→L+5 (11%), H-1→L+7 (33%), HOMO→L+6 (18%) 
53 247 0.0002 H-2→L+8 (11%), H-1→L+6 (30%), HOMO→L+7 (22%) 
54 247 0.0001 H-2→L+6 (12%), H-1→L+8 (33%), HOMO→L+5 (18%) 
55 247 0 H-2→L+7 (12%), H-1→L+5 (31%), HOMO→L+8 (23%) 
56 245 0.0002 H-4→L+2 (87%) 
57 244 0 H-3→L+3 (89%) 
58 242 0.0001 H-3→L+4 (87%) 
59 237 0 H-2→L+7 (38%), H-1→L+5 (40%) 
60 237 0 H-2→L+5 (35%), H-1→L+7 (46%) 
61 237 0.0068 H-2→L+8 (40%), H-1→L+6 (40%) 
62 237 0.002 H-2→L+6 (33%), H-1→L+8 (48%) 
63 236 0 H-5→L+1 (20%), H-4→L+3 (65%) 
64 236 0.0984 HOMO→L+9 (87%) 
65 235 0 H-5→L+2 (22%), H-4→L+4 (66%) 
66 229 0 H-37→LUMO (23%), H-36→LUMO (14%), H-32→LUMO (35%), 
H-28→LUMO (14%) 
67 228 0 H-5→L+1 (65%), H-4→L+3 (22%) 
68 226 0.0004 H-5→L+2 (69%), H-4→L+4 (26%) 
69 226 0.2189 HOMO→L+10 (73%) 
70 226 0.0002 H-2→L+13 (14%), H-1→L+9 (19%), H-1→L+14 (15%), 
HOMO→L+12 (28%) 
71 225 0.0002 H-3→L+12 (10%), H-2→L+14 (16%), H-1→L+13 (19%), 
HOMO→L+11 (36%) 
72 225 0.0097 H-3→L+14 (11%), H-2→L+12 (15%), H-1→L+11 (19%), 
HOMO→L+13 (37%) 
73 225 0.0038 H-3→L+13 (11%), H-2→L+11 (16%), H-1→L+12 (19%), 
HOMO→L+14 (39%) 
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74 224 0.0086 H-13→L+2 (14%), H-12→L+2 (10%), H-11→L+1 (39%), H-
10→L+1 (20%) 
75 224 0.0138 H-12→L+2 (19%), H-11→L+1 (22%), H-10→L+1 (39%) 
76 224 0.0002 H-12→L+1 (60%), H-10→L+2 (29%) 
77 223 0 H-13→L+1 (58%), H-11→L+2 (23%) 
78 223 0 H-11→L+2 (16%), H-2→L+7 (10%), H-1→L+9 (42%) 
79 222 0.0006 H-33→LUMO (55%), H-29→LUMO (32%) 
80 222 0 H-13→L+2 (28%), H-3→L+8 (23%), H-2→L+5 (27%) 
81 222 0.0011 H-10→L+2 (19%), H-3→L+7 (27%), H-2→L+6 (30%) 
82 221 0.0747 H-12→L+2 (20%), H-3→L+5 (28%), H-2→L+8 (36%) 
83 221 0 H-3→L+6 (22%), H-2→L+7 (22%), H-1→L+9 (18%) 
84 221 0.0008 H-7→L+1 (32%), H-7→L+2 (35%) 
85 221 0 H-9→L+1 (15%), H-9→L+2 (22%), H-6→L+1 (33%), H-6→L+2 
(21%) 
86 221 0.0005 H-8→L+1 (37%), H-8→L+2 (41%) 
87 221 0.0001 H-9→L+1 (24%), H-9→L+2 (16%), H-7→L+1 (13%), H-6→L+1 
(10%), H-6→L+2 (17%) 
88 220 0 H-34→LUMO (58%), H-31→LUMO (21%), H-1→L+10 (16%) 
89 220 0.0019 H-30→LUMO (96%) 
90 220 0 H-34→LUMO (17%), H-31→LUMO (76%) 
91 220 0 H-32→LUMO (24%), H-28→LUMO (60%) 
92 220 0.0015 H-33→LUMO (23%), H-29→LUMO (62%), H-5→L+3 (10%) 
93 218 0.0004 H-33→LUMO (10%), H-5→L+3 (77%) 
94 218 0 H-36→LUMO (55%), H-32→LUMO (13%), H-28→LUMO (17%) 
95 216 0.0173 H-35→LUMO (81%) 
96 216 0.0698 H-12→L+2 (29%), H-10→L+1 (15%), H-5→L+4 (13%), H-3→L+5 
(25%) 
97 216 0.0001 H-3→L+8 (23%), H-2→L+9 (45%) 
98 216 0 H-12→L+1 (18%), H-10→L+2 (29%), H-3→L+7 (33%) 
99 216 0 H-13→L+1 (19%), H-11→L+2 (31%), H-3→L+6 (25%) 
100 216 0 H-13→L+2 (23%), H-11→L+1 (14%), H-3→L+8 (13%), H-2→L+9 
(25%) 
 
No. λ (nm) f Major contribs for TertPtBQ (crystal structure) 
1 872 0.0002 HOMO→LUMO (97%) 
2 794 0.6029 H-1→LUMO (99%) 
3 763 0.6554 H-2→LUMO (98%) 
4 701 0.0009 H-3→LUMO (99%) 
5 644 0.0336 H-4→LUMO (94%) 
6 613 0.1571 H-5→LUMO (96%) 
7 563 0.09 H-6→LUMO (96%) 
8 552 0.0248 H-7→LUMO (85%) 
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9 543 0.0036 H-8→LUMO (80%) 
10 533 0.0912 H-10→LUMO (17%), H-9→LUMO (70%), H-8→LUMO (10%) 
11 523 0.0235 H-10→LUMO (70%), H-9→LUMO (19%) 
12 493 0.0035 H-12→LUMO (36%), H-11→LUMO (51%) 
13 473 0.0104 H-12→LUMO (46%), H-11→LUMO (47%) 
14 453 0.0195 H-18→LUMO (36%), H-13→LUMO (49%) 
15 450 0.0216 H-18→LUMO (12%), H-16→LUMO (30%), H-14→LUMO (48%) 
16 448 0.0004 H-15→LUMO (75%), H-14→LUMO (18%) 
17 448 0.0016 H-18→LUMO (39%), H-15→LUMO (12%), H-13→LUMO (44%) 
18 448 0.0028 H-16→LUMO (62%), H-14→LUMO (30%) 
19 447 0.0002 H-17→LUMO (97%) 
20 443 0.0023 H-19→LUMO (80%) 
21 422 0.0154 H-20→LUMO (96%) 
22 391 0.3612 H-21→LUMO (91%) 
23 382 0 H-27→LUMO (43%), H-26→LUMO (55%) 
24 382 0.0001 H-28→LUMO (54%), H-27→LUMO (20%), H-26→LUMO (21%) 
25 382 0.0011 H-28→LUMO (38%), H-27→LUMO (36%), H-26→LUMO (23%) 
26 381 0.0192 H-29→LUMO (92%) 
27 370 0 H-22→LUMO (100%) 
28 369 0 H-24→LUMO (100%) 
29 369 0.0001 H-23→LUMO (100%) 
30 369 0.0001 H-25→LUMO (100%) 
31 363 2.2157 H-1→L+3 (20%), HOMO→L+1 (62%) 
32 358 0.0001 H-1→L+1 (54%), HOMO→L+3 (24%) 
33 353 0.4572 H-34→LUMO (16%), H-30→LUMO (33%), HOMO→L+2 (20%) 
34 350 1.1209 H-30→LUMO (20%), H-2→L+4 (13%), HOMO→L+2 (39%) 
35 346 0.0003 H-31→LUMO (99%) 
36 346 0.0037 H-34→LUMO (34%), H-33→LUMO (15%), H-32→LUMO (10%), 
H-30→LUMO (40%) 
37 346 0.0001 H-32→LUMO (88%) 
38 345 0.0002 H-34→LUMO (31%), H-33→LUMO (69%) 
39 344 0.0143 H-3→L+4 (14%), H-2→L+2 (42%), HOMO→L+4 (20%) 
40 340 0.0001 H-35→LUMO (88%) 
41 334 0.0051 H-36→LUMO (93%) 
42 332 0.2603 H-3→L+1 (24%), H-1→L+3 (32%), HOMO→L+1 (21%) 
43 330 0.0202 H-37→LUMO (37%), H-2→L+1 (33%) 
44 330 0.0044 H-37→LUMO (52%), H-2→L+1 (27%) 
45 330 0.1488 H-38→LUMO (18%), H-3→L+2 (18%), H-2→L+4 (10%), 
HOMO→L+2 (17%) 
46 329 0.0182 H-38→LUMO (64%) 
47 328 0.0064 H-2→L+1 (26%), H-1→L+1 (26%), HOMO→L+3 (33%) 
48 326 0.0139 H-39→LUMO (36%), H-1→L+2 (36%) 
49 326 0.0025 H-39→LUMO (43%), H-1→L+2 (24%) 
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50 323 0.0108 H-4→L+2 (10%), H-4→L+4 (12%), H-1→L+2 (14%), 
HOMO→L+4 (15%) 
51 322 0.002 H-10→L+1 (10%), H-6→L+1 (27%), H-6→L+3 (21%) 
52 321 0.0001 H-8→L+1 (43%), H-8→L+3 (35%) 
53 319 0.0005 H-3→L+1 (37%), H-2→L+3 (14%), H-1→L+3 (27%) 
54 319 0.0011 H-5→L+4 (11%), HOMO→L+4 (24%) 
55 316 0.0006 H-7→L+2 (11%), H-7→L+4 (17%), H-5→L+2 (14%), 
HOMO→L+4 (21%) 
56 314 0.0034 H-3→L+1 (18%), H-2→L+3 (71%) 
57 314 0.0003 H-40→LUMO (50%), H-1→L+4 (31%) 
58 313 0.0132 H-40→LUMO (29%), H-1→L+4 (50%) 
59 310 0.0002 H-3→L+3 (78%) 
60 308 0.0094 H-3→L+2 (33%), H-2→L+4 (21%) 
61 307 0.009 H-4→L+1 (64%), H-3→L+2 (11%) 
62 306 0.0121 H-41→LUMO (87%) 
63 305 0.0017 H-3→L+4 (56%), H-2→L+2 (15%), H-2→L+5 (12%) 
64 302 0.1924 H-2→L+4 (12%), HOMO→L+5 (56%) 
65 300 0.0038 H-5→L+1 (44%), H-4→L+3 (19%) 
66 299 0.0125 H-5→L+2 (20%) 
67 297 0.0359 H-5→L+1 (12%), HOMO→L+6 (11%) 
68 297 0.0229 HOMO→L+6 (38%) 
69 296 0.028 H-5→L+1 (13%) 
70 296 0.0019 H-1→L+15 (37%), HOMO→L+15 (25%) 
71 296 0.0034 H-1→L+14 (16%), H-1→L+16 (18%), HOMO→L+14 (12%), 
HOMO→L+16 (10%) 
72 295 0.0008 H-42→LUMO (63%) 
73 294 0.0021 H-3→L+4 (10%), H-2→L+5 (19%), H-1→L+6 (10%) 
74 293 0.001 H-4→L+3 (17%), H-1→L+5 (46%), H-1→L+6 (10%) 
75 293 0.0039 H-3→L+13 (19%), H-2→L+13 (35%), HOMO→L+13 (17%) 
76 293 0.0029 H-3→L+14 (15%), H-3→L+16 (11%), H-2→L+14 (22%), H-
2→L+16 (19%) 
77 292 0.0005 H-5→L+1 (11%), H-4→L+3 (10%), HOMO→L+6 (11%) 
78 291 0.0013 H-4→L+3 (31%), H-1→L+5 (19%) 
79 289 0.0108 H-43→LUMO (18%), H-3→L+5 (14%) 
80 289 0.0066 H-43→LUMO (19%), H-1→L+6 (18%) 
81 288 0.0523 H-43→LUMO (36%), H-3→L+5 (18%) 
82 288 0.023 H-1→L+9 (10%), HOMO→L+9 (11%), HOMO→L+11 (30%) 
83 287 0.0091 H-1→L+6 (10%), HOMO→L+9 (18%), HOMO→L+11 (16%), 
HOMO→L+12 (12%) 
84 287 0.0002 H-4→L+4 (36%) 
85 286 0.0058 H-5→L+3 (46%) 
86 286 0.0084 H-5→L+3 (13%), HOMO→L+10 (33%) 
87 286 0.0131 HOMO→L+10 (16%), HOMO→L+12 (20%) 
197 
 
88 284 0.0064 H-5→L+2 (12%), H-5→L+4 (27%) 
89 283 0.0027 HOMO→L+7 (41%) 
90 283 0.0056 H-44→LUMO (51%), H-6→L+1 (12%) 
91 282 0.0036 H-7→L+1 (32%) 
92 282 0.0032 H-44→LUMO (22%), H-7→L+1 (10%), HOMO→L+7 (19%) 
93 281 0.0009 H-2→L+6 (74%) 
94 280 0.0648 H-6→L+2 (20%), H-3→L+5 (10%) 
95 279 0.0027 H-6→L+2 (29%) 
96 279 0.0125 H-6→L+2 (25%), H-3→L+6 (18%) 
97 278 0.0011 HOMO→L+8 (60%) 
98 277 0.0386 H-3→L+6 (14%), H-1→L+7 (10%), H-1→L+8 (11%) 
99 277 0.03 H-7→L+1 (11%), H-3→L+6 (11%) 
100 276 0.1143 H-45→LUMO (11%), H-1→L+7 (47%) 
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H1 NMR, C13 NMR and MALDI-TOF spectrum 
 
Figure S1. 1H NMR spectrum of 2 (CDCl3, 300 MHz, 298 K). 
 
Figure S2. 13C NMR spectrum of 2 (CDCl3, 76 MHz, 298 K). 
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Figure S3. 1H NMR spectrum of 3a (CDCl3, 300 MHz, 298 K). 
 
Figure S4. 13C NMR spectrum of 3a (CDCl3, 76 MHz, 298 K). 
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Figure S5. 1H NMR spectrum of 3 (CDCl3, 300 MHz, 298 K). 
 
Figure S6. 13C NMR spectrum of 3 (CDCl3, 76 MHz, 298 K). 
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Figure S7. MALDI-TOF spectrum of 3. 
 
 
Figure S8. 1H NMR spectrum of BQ (CDCl3, 300 MHz, 298 K). 
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Figure S9. 13C NMR spectrum of BQ (CDCl3, 76 MHz, 298 K). 
 
 
Figure S10. MALDI-TOF spectrum of BQ. 
 
203 
 
 
Figure S11. 1H NMR spectrum of 5 (CDCl3, 76 MHz, 298 K). 
 
Figure S12. 13C NMR spectrum of 5 (CDCl3, 76 MHz, 298 K). 
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Figure S13. MALDI-TOF spectrum of 5. 
 
 
Figure S14. 1H NMR spectrum of TertTruPtBQ (CDCl3, 76 MHz, 298 K). 
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Figure S15. 13C NMR spectrum of TertTruPtBQ (CDCl3, 76 MHz, 298 K). 
 
Figure S16. 31P NMR spectrum of TertTruPtBQ (CDCl3, 76 MHz, 298 K). 
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Figure S17. MALDI-TOF spectrum of TertTruPtBQ. 
 
Figure S18. MALDI-TOF spectrum of TertPtBQ. 
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CHAPTER 5 
Photophysical Investigation of Porphyrin and Bodipy-containing Azophenine 
Derivatives  
5.1 Introduction 
To mimic natural photosynthesis with a more efficient way, attention focusing on the development 
of new light-harvesting materials and their mechanisms for energy funneling has been going on 
for decades.119, 163-165 Among various chromophores, porphyrins have been extensively used as 
light harvesting units in artificial photosynthetic systems because of their resemblance to 
chlorophyll natural pigments, easily structural modification to tune their electronic properties and 
the very strong Soret band (ε = 4.4×105 cm-1/M at 418 nm), etc166-168. Moreover, these species 
exhibit many advantages as antenna chromophores. They do not tend to absorb strongly throughout 
the wavelengths useful for photosynthesis (mainly for the Soret band from 385 nm to 450 nm). On 
the other hand, Bodipy has attracted considerable attention due to its sharp absorption and emission 
near 500 nm with high molar absorption coefficients (8 × 105 cm-1/M), high fluorescence quantum 
yields (often approaching 1.0, even in water), etc.129, 169 Thus, combination of these two types of 
chromophores into one molecule can efficiently absorb light over a broad range of the visible 
region. Moreover, solar energy conversion devices initiate with the harvest of light, and their 
efficiencies lie on the spatial energy transfer to where it could be converted into other forms of 
energy such as electricity.170 Synthetic materials, such as supramolecular assemblies171-174, 
modified metal organic frameworks175-177, arrays of chromophores178-181, etc, star-shaped 
conjugated molecules are an ideal candidate to construct molecular architectures with relative 
positioning and orientated chromophores which play a fundamental role to create energy gradients 
and offer an ideal platform to understand the mechanism of energy transfer.   
In this chapter, an azophenine-based star-shaped conjugated molecule, PorBodipyQ (Chart 1) was 
designed and synthesized, in which porphyrin and Bodipy antennas are connected to azophenine 
and operates as an energy sink (i.e. acceptor) through covalent bonds. DiBodipyQ and 
TertBodipyQ serving as models were also prepared. As observed in the previous chapters, NIR 
CT fluorescence arising from the central azophenine was also depicted for all these three 
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compounds. The excitation spectra revealed that energy transfers from Bodipy or porphyrin unit 
to azophenine center occur. Moreover, energy transfer from Bodipy to porphyin unit also exists. 
 
Chart 1. Structures of Por, Bodipy, DiBodipyQ, BodipyPorQ and TertBodipyQ. 
5.2 Results and Discussion 
This section introduces the synthesis and structure characterization of DiBodipyQ, TertBodipyQ 
and PorBodipyQ. 1H NMR, 13C NMR, mass spectra and crystallography were used for the 
structure characterazation. The photophysical properties were investigated using UV-vis 
absorption and emission spectroscopy at both 298 and 77 K in solution. A Streak camera was also 
used for analysis of the short components of the emission decays. Moreover, DFT and TDDFT 
were also used for the structure and photophysical analysis. 
5.2.1 Synthesis and Structure Characterization 
The synthesis of Por, Bodipy, DiBodipyQ, PorBodipyQ and TertBodipyQ are shown in Scheme 
1. The syntheses of compounds 2182, 890,183,12184 and Bodipy185 can be found in literature or have 
been described in former chapters. DiBodipyQ was synthesized by coupling 8 and Bodipy under 
a copper-free Sonagashira cross-coupling condition in THF at 35°C overnight. After a 
deprotection and a Sonagashira cross-coupling reaction, PorBodipyQwas obtained as a green 
solid. Por was synthesized from compound 12, after a metallization and Sonagashira cross-
coupling reaction. Compound 2 coupled with Bodipy via a copper-free Sonagashira cross-
coupling reaction to afford TertBodipyQ as a red solid. The formation of PorBodipyQ and 
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TertBodipyQ can be confirmed  
 
Scheme 1. Synthesis of Por, Bodipy, DiBodipyQ, PorBodipyQ and TertBodipyQ. Reagents and 
conditions: (i) Pd(dba)3, Ph3As, Et3N, 80%; (ii) TBAF, DCM, R.M, 91%; (iii) Zn(AcO)2, 
MeOH/DCM, 2h, 95%; (iv) ethynylbenzene, PdCl2(PPh3)2, CuI, Et3N, 81%. 
by 1H NMR and MALDI-TOF (Figures 53-56 and SI). In Figure 53, the combination of the signal 
from compound 2 and Bodipy, accompanied by the disappearance of the signal at about 3.1 ppm 
for the terminal alkynyl hydrogen signal imply the successful coupling of 2 and Bodipy to obtain 
DiBodipyQ. Compared to DiBodipyQ, the shift values for TertBodipyQ do not change except 
for the ratio of the signal from 2 and Bodipy changing from 2:1 to 4:1, of course, accompying with 
the disappearance of the signal from TMS. Figure 54 shows the MALDI-TOF spectra for 
DiBodipyQ and TertBodipyQ, the m/z peaks centered at 1419.95 and 2031.05, respectively, 
correspond to a disassociation of a fluorine atom from the boron fragments for both of DiBodipyQ 
and TertBodipyQ. The same situation can be applied to PorBodipyQ in Figure 55 and 56.  
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Figure 53. Comparison of the 1H NMR spectra (300 MHz, 298 K, CDCl3) of TertBodipyQ, 
DiBodipyQ, Bodipy and 8 (the signal for the proton from -NH- (red line for the spectra of 
DiBodipyQ) was magnified for clarity purpose). 
 
Figure 54. MALDI-TOF spectra for DiBodipyQ and TertBodipyQ with dithranol as the matrix. 
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Figure 55. Comparison of 1H NMR spectra (300 MHz, 298 K, CDCl3) of PorBodipyQ, 12 and 
11. 
 
Figure 56. MALDI-TOF spectra for PorBodipyQ with dithranol as the matrix. 
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5.2.2 Photophysical Characterization  
Figure 57 shows the absorption and fluorescence spectra for selected compounds.  
 
Figure 57. A: absorption spectra for 1 (black), DiBodipyQ (green), PorBodipyQ (red), 
TertBodipyQ (blue) in 2MeTHF at 298 K; B: emission spectra for Bodipy (pink), DiBodipyQ 
(green) and TertBodipyQ (blue) in 2MeTHF at 298 K; C: emission spectra for Por (wine), Bodipy 
(pink) and PorBodipyQ (red) in 2MeTHF at 298 K; D: emission spectra for DiBodipy (green), 
TertBodipyQ (blue) and PorBodipyQ (red) in 2MeTHF at 77 K, spectra for PorBodipyQ was 
filled with different colors to distinguish the origination of the band from Bodipy and porphyin 
units, respectively. Note that the porphyrin and CT fluorescence overlap.  
The spectra for the other compounds at 298 K are provided in SI. The absorption spectra 
of DiBodipyQ at 323 nm originates from the -* transition similar to that observed for compound 
1 (Chapter 2). The peak at 525 nm arises from the lowest-energy -* excited state from the 
Bodipy unit. The TertBodipyQ absorption spectrum is very similar to that of DiBodipyQ. Finally, 
the spectrum of PorBodipyQ is the combination of those for all three chromophores. The 574 and 
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633 nm peaks are Q bands of porphyrin units. The bands located at 495 and 525 nm arise from the 
Bodipy unit and the one placed at 326 nm stems from the azophenine center. The comparison of 
the absorption spectra of DiBodipyQ, TertBodipyQ and PorBodipyQ with their precursors, 
namely azophenine, Bodipy and porphyrin, respectively, indicates that their absorption spectra are 
slightly perturbed from the superposition of the individual spectra of each chromophore. This 
observation suggests the presence of some electronic interaction between the chromophores in the 
ground state. Moreover, the expected azophenine CT band in the 400-450 nm range for 
DiBodipyQ, TertBodipyQ and PorBodipyQ was not depicted. This is likely due to a spectral 
overlap with the strong bands of the Bodipy and porphyrin units. However, a weak tail (298 K) 
and a shoulder (77 K) beside the last porphyrin Q band are noticed at 680 nm for PorBodipyQ. 
This feature will be discussed below. The absorption data are listed in Table 1.   
Table 1. UV−Vis absorption data for Por, Bodipy, DiBodipyQ, TertBodipyQ and PorBodipyQ 
in 2MeTHF at 298 K. 
 λabs (nm) (ε (104 M-1cm-1)), 2MeTHF (298K) 
Por 308 (2.1), 420 (6.0), 439 (44.9), 574 (1.6), 622 (2.8) 
Bodipy 378 (0.8), 496 (2.6), 525 (8.0),  
DiBodipyQ 326 (7.3), 395 (3.1), 496 (4.4), 525 (10.8) 
TertBodipyQ 335 (5.4), 398 (2.7), 496 (4.6), 525 (11.2) 
PorBodipyQ 327 (8.1), 445 (36.8), 496 (6.0), 575 (2.5), 633 (5.8) 
 
Figure 58. Absorption (black), excitation (blue, turquoise) and emission spectra (green, olive, red) 
for PorBodipyQ in 2MeTHF at 298 K (left) and 77 K (right).  
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At 298K, the emission spectra of DiBodipyQ and TertBodipyQ are exactly the same with that of 
Bodipy (Figure 57B), which suggests that the species that are responsible for the emission are the 
same, considering the structural similarities and the same absorption spectra of DiBodipyQ, 
TertBodipyQ and Bodipy. The emission spectra of PorBodipyQ are a combination of both those 
from porphyrin and Bodipy (λex = 495 nm), and the peak at 697 nm is slightly red-shifted compared 
to that for Por (682 nm). This observation suggests the presence of a slight electronic 
communication between the porphyrin units and the central azophenine in the excited state.  
At 77K, both emission spectra of DiBodipyQ and TertBodipyQ (Figure 57D) show a new band 
starting from about ~650 nm originating from the lowest azophenine-localized CT excited state. 
The excitation spectra of this NIR emission superposes well the absorption spectra, including the 
region associated with the Bodipy unit (SI, Figure S1). This observation is a clear indication of 
singlet-singlet energy transfer between Bodipy and the central azophenine fragment (1Bodipy*  
azophenine). The PorBodipyQ fluorescence bands arising from the Bodipy (orange shade) and 
porphyrin (yellow shade) groups were observed with λex = 490 nm, as well as the lowest energy 
CT emission (Figure 57D). This CT emission was also noted for DiBodipyQ and TertBodipyQ 
(λex = 750 nm). Their excitation spectra also match the absorption ones also indicating the existence 
of singlet-singlet energy transfers: 1porphyrin*  azophenine and 1Bodipy*  azophenine. 
Moreover, the excitation spectrum of the porphyin emission monitored at λex = 640 nm exhibits 
the Bodipy signal as well, indicating an energy transfer occurring between Bodipy and porphyrin 
(i.e. 1Bodipy*  porphyrin). 
In order to extract the rates for singlet-singlet energy transfers, kET(S1), the fluorescence lifetimes, 
F, for each emission band were measured and compared to those from the model compounds (i.e. 
Por, Bodipy, DiBodipyQ, PorBodipQ and TertBodipyQ in 2MeTHF at 298 K and 77K, Table 
2). The measurements of the ultrashort τF data (< 1 ns) were performed using a Streak camera for 
accuracy purposes and TCSPC for values > 1 ns (Figure 59 and SI) was used as the Streak camera 
become less accurate for time scales exceeding 2 ns. At both 298 and 77 K, Por and Bodipy exhibit 
monoexponential decays for monochromophoric species. Concurrently, biexponential decays 
traces are occasionally depicted for DiBodipyQ and TertBodipyQ. Because the IRF is ~ 10 ps, 
the F values included in the 10-20 ps range should be considered approximate. These values are 
better assessed by transient absorption spectroscopy (Figure 60, 61 and SI). 
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Figure 59. Decay associate spectra and F data of DiBodipyQ, TertBodipyQ and PorBodipyQ 
in 2MeTHF (Streak Camera, ex = 500 nm). 
Table 2. Fluorescence data for Por, Bodipy, DiBodipyQ, PorBodipyQ and TertBodipyQ, 
measue in 2MeTHF.a 
 
    298 K 77 K 
λem (nm) τF λem (nm) τF 
Bodipy 538 4.67 ns 532 5.73 ns 
Por 627 2.18 ns 627 2.76 ns 
DiBodipyQ 
541 ~ 19 ps 537 ~ 22 (major), 83 (minor) ps 
--b,c --d 750 930 ps 
TertBodipyQ 
545 ~ 16 ps  535 ~ 26 ps 
--b,c --d 750 475 ps  
PorBodipyQ 
540 ~ 12 ps 533 ~ 16 ps 
636 --d 646 --d 
--b,c --d 750 170 (major), 430 (minor) ps 
aAll ns τF data were measured by TCSPC (uncertainties ± 0.05 ns); all ps τF data were measured by Streak camera (the 
Streak camera results are placed in the Supporting Information; IRF ~ 10 ps; uncertainties ± 10%). bIll defined by 
Streak. cNot observed by steady state. dVery weak in the Streak camera measurements. 
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The F values for the NIR emissions (i.e. 750 nm) arising from the azophenine CT excited state at 
77 K are in the same order of magnitude for DiBodipyQ, PorBodipQ and TertBodipyQ. Also, 
two out of three entries (at 77 K) of the CT fluorescence exhibit bi-exponential kinetics (160 
(major), 430 (minor) ps). The presence of two lifetimes is common for this type of chromophore 
(azophenine). Indeed, the F values (0.42 and 1.82 ns) for compound 1 (Chart 2)90 and (0.67 and 
1.77 ns) for TertTruQ at 77 K were recently reported by us.186 The reason for this phenomenon 
was tentatively explained by the presence of different conformations based on the S1 lifetimes (1.1 
and 4.9 ps) extracted by fs transient spectroscopy at 298 K in fluid solution. These two lifetimes 
measured at 298 K are in the same order of magnitude of the N-C bond twisting in leucoemeraldine 
models (i.e. (-C6H4-NH-)n).187 This is further demonstrated by the longer F values for TertTruQ 
(Chart 2, Chapter 2) in the solid state at 298 K (20 and 109 ps) as the rotational motions are strongly 
precluded. So far, this possible explanation (two conformers) for this behavior remains. 
 
Chart 2. Structures of compound 1 (Chapter 2) and TertTruQ.  
5.2.3 Fs transient absorption spectroscopy (TAS) 
Because three F data at 298 K are approximate (IRF ~ 10 ps), fs TAS was used for accurate 
evaluation. The TAS of the comparison compounds Bodipy, Por, and 1 are provided in Figure 60. 
 
Figure 60. Fs TAS of Bodipy (left), Por (middle), and 1 (right) in 2MeTHF at 298 K. The positive 
and negative signals are respectively the transient and bleach absorptions. 
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Figure 61. Fs TAS of DiBodipyQ (left), TertBodipyQ (middle), and PorBodipQ (right) in 
2MeTHF at 298 K. The positive and negative signals are the transient and bleach absorptions, 
respectively. The ns-components are most likely triplet species (red and turquoise lines). 
For Bodipy and Por, the extracted 4.4 and 8.5 ns values are their S1 excited state lifetimes (i.e. F 
= 2.18 and 4.67 ns, respectively). For Por, the 12.5 ns component is the T1 species but this value 
cannot be considered accurate since it exceeds the optical delay line (8 ns). For Bodipy, the 46 ps 
component maybe a metastable conformer which deactivates in the ps time scale. This 
phenomenon has been fully described by Lindsey and his collaborators.188 For compound 1, the 
two transient components (1.1 and 4.4 ps) agree with those previously reported (1.1 and 4.9 ps at 
298 K) for the same compound (Chart 2).  
For DiBodipyQ and TertBodipyQ, two short-lived components are depicted in the ps time scale 
exhibiting similar TAS profile as that found for Bodipy (Figure 60). The key issues are the 
decrease of these lifetimes going from 8.6 ns and 46 ps (Bodipy) down to 22 and 5.7 ps 
(DiBodipyQ) and to 19 and 4.2 ps (TertBodipyQ) consistent with a singlet energy transfer process. 
The 22 and 19 ps values favorably compare with that measured with the Streak camera (~19 and 
~16 ps; Table 2). The shorter ps components (5.7 and 4.2 ps) could not be detected by Streak 
camera as the IRF was ~ 10 ps. The longer lived and weaker signals (ns time scale) appear to be 
triplet species but were not investigated in this work. The kET(S1) values can be extracted from 
kET(S1) = (1/F) – (1/F°) where F and /F° are the singlet lifetimes of the energy donor in the 
absence of an energy acceptor, respectively.189 Using F° for Bodipy (4.67 ns) and Por (2.18 ns; 
Table 2) for the long component, the corresponding kET(S1) are obtained (Table 3, Figure 62). 
Moreover, assuming that the 46 ps species for Bodipy is associated with those in the vicinity of 
~5 ps for DiBodipyQ and TertBodipyQ, then their kET(S1) can also be estimated.  
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Table 3. kET(S1) data for Por, Bodipy, DiBodipyQ, PorBodipyQ and TertBodipyQ.a 
 Process kET(S1) (s-1) 298 Kb kET(S1) (s-1) 77 Kc 
DiBodipyQ 1Bodipy*→Q 
15 x 1010  (short comp.) 
4.6 x 1010 (long comp.) 
4.5 x 1010 (major) 
1.2 x 1010 (minor) 
PorBodipyQ 
1Bodipy*→Por and 
1Bodipy*→Q 
38 x 1010 ~ 6.3 x 1010 
1Por*→ Q 10 x 1010 too weak 
TertBodipyQ 1Bodipy*→Q 
22 x 1010 (short comp.) 
5.2 x 1010 (long comp.) 
3.8 x 1010 
aAll data were measured in 2MeTHF, samples were prepared in glove box bBased on fs TAS data (IRF ~ 150± 35 ps; 
uncertainties ± 10%). cBased on the data measured by Streak camera (IRF ~ 10 ps; uncertainties ± 10%).  
 
Figure 62. Illustration of the energy transfer processes and their rate constant kET obtained based 
on the data from Streak Camera and fs TAS. For PorBodipyQ, the red arrow represents 
[1Bodipy*→Q], the green represents [1Por*→Q] and the yellow represents [1Bodipy*→Por]. 
The longer F’ values and higher fluorescence intensity permit more accurate measurements at 77K 
using the Streak camera. In contrast, the fs TAS measurements are not adapted for solution samples 
cooled down to 77 K. Consequently, the kET(S1) data at 77 K are estimated using the fluorescence 
data (Table 3). The time scale for kET(S1) remains the same at both temperature but the 77 K data 
are found shorter. This result may be due to the sharpening of the absorption and fluorescence 
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bands making the J-integral (spectral overlap between the absorption spectrum of the acceptor and 
emission of the donor) smaller at 77 K.190 
For PorBodipQ, the fs TAS signals (Figure 61, right) exhibit two clear signals readily attributed 
to Bodipy and Por based on the bleached band. The Bodipy chromophore exhibits the bleached 
signal at ~535 ns and a transient band at ~450 nm, clearly reminescent of the porphyrin Soret band. 
This species relaxes with a time scale of 2.6 ps. This acceleration is unambigeously due to the sum 
of two pathways (1Bodipy*→Por and 1Bodipy*→Q). Concurrently, the excited porphyrin species 
exhibit a transient signal at 550 nm, exactly where the transient species associated with azophenine 
is. This species relaxes with a time scale of 10 ps meaning that kET(S1) for 1Por*→Q is 10 x 1010 
s-1. This rate is considered fast but not unusual.191-193 Importantly, the presence of a fast rate is also 
consistent with the fact that the -NH- bridge is capable of efficient electronic communication.193 
Using the data for the tetra-functionalized TertBodipyQ, it is possible to extract an approximated 
value for kET(S1) [1Bodipy*→Por] from the difference between kET(S1) [1Bodipy*→Por + 
1Bodipy*→Q] - kET(S1) [1Bodipy*→Q], here (38 x 1010) - (22 x 1010) = ~ (16 x 1010 s-1). This 
latter values is considered faster by about an order of magnitude than what is expected for a process 
occurring only via a Förster process (Figure 63). A Dexter mechanism may also occur (i.e. double 
electron exchange via a through bond process across the branches). Indeed, such a long distance 
Dexter driven process has been observed before using a truxene bridge (Figure 64, kET(S1) 
[1Bodipy*→Por] = 4.5 x 1010 s-1 at 298 K).194 
 
Figure 63. Examples showing the energy transfer rate constants from Bodipy to porphyrin 
[1Bodipy*→Por] via a Förster or Dexter mechanism.194-195 
220 
 
 
Figure 64. Examples showing the energy transfer rate constants from Bodipy to porphyrin 
[1Bodipy*→Por] via a Förster or Dexter mechanism, respectively.194 
5.2.4 Computations  
In order to characterize the nature of the observed fast singlet-singlet energy transfer process, and 
to confirm the nature of the lowest energy CT excited state, DFT and TDDFT computations were 
employed. In the context of energy transfer, the optimized geometry of PorBodipyBQ was 
computed (Figure 65). In a static conformation, the polyad does not exhibit a computed symmetric 
geometry where two slightly different slipped hetero-dimers (Por•••Bodipy) are depicted. The 
center-to-center separations are 13.4 and 11.1 Å and the dihedral angle made by the orientation of 
the * transition moments are ~77 and ~26 ° (not 90°). The closest C•••C separation between the 
chromophores is 7.7 Å. These parameters, along with the strong spectral overlaps between the 
various fluorescence bands of the donor and the various absorption bands of the acceptors (Figure 
58) are all prone for singlet-singlet energy transfer via a Forster mechanism. 
 
Figure 65. Optimized geometry of PorBodipyQ using a THF solvent field, displayed with a space 
filling model (left) and the center-to-center distance, dihedral angle made by the transition dipole 
moments between Bodipy and porphyrin, measured based on the optimized geometry. Note that 
the porphyrin is linked to the NH-arm of azophenine. 
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Because the Dexter mechanism is most likely possible, the atomic contributions of the frontier 
MOs have been calculated as well (Figure 66; more frontier MOs are provided in the SI). For 
DiBodipyQ, The HOMO and LUMO exhibit atomic distributions spreading over the -system of 
the quinone diamine (Q) and SiMe3-containing arms and over that for the quinone diamine (Q) and 
Bodipy-containing arms, respectively. A HOMO→LUMO transition would then generate the 
expected CT state. In parallel, the quasi-degenerated H-1 and H-2 and the L+1 and L+2 MOs (H 
= HOMO; L = LUMO) exhibit atomic contributions strictly localized within the Bodipy unit -
systems. Thus, the computations corroborate that the Bodipy and azophenine chromophores act as 
energy donor and acceptor, respectively. In a double electron mechanism (Dexter), the electron 
transfer processes would occur then through the -bond linking the two chromophores. The same 
conclusions can be made for TertBodipyQ as the atomic contribution behavior is the same. 
 
Figure 66. Representations of the frontier MOs of DiBodipyQ (up), TertBodipyQ (middle) and 
PorBodipyBQ (down) using a THF solvent field (energies in eV). More frontier MOs are placed 
in the SI. Note that the porphyrin is linked to the NH-arm of azophenine. 
For PorBodipyQ, the porphyrin chromophore bares a coplanar 4-phenylacetylene extension. This 
important feature makes this assemble a single chromophore.  Consequently, both the azophenine 
and porphyrin share the same (C6H4C≡C) moieties. This means that these MOs, (MOs where the 
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atomic contributions are more densely populated within the porphyrin fragments (see H-1 and L+1) 
heavily coupled (a both share atomic contributions of the C6H4C≡C -system) to those exhibiting 
larger atomic contributions within the azophenine central core (i.e. HOMO and LUMO). 
Consequently, these computations confirm that the 1Por* → Q energy transfer is prone to occur 
efficiently through a Dexter process, here via the -system. Moreover, this fast kET(S1) values for 
1Por* → Q (10 x 1010 s-1) along with the computed non-nil atomic contributions of the N lone 
pairs indicate that the N-H groups contributes to the electronic communication across the polyad. 
This conclusion is fully consistent with that found previously for other porphyrin- and quinone-
contaiting amine.193,196 The primary conclusion is that the 1Bodipy* → Q and 1Por* → Q 
processes are facilitated by a Dexter mechanism (in addition to Forster) because of the donor and 
acceptor units are bridged by a simple -bond (strong proximity effect) and are coupled MOs 
(sharing the same -system in the C6H4C≡C bridge), respectively. The effect of proximity 
(through-bond) has been observed before. Indeed, a singlet-singlet energy transfer occurring 
between two different -bonded porphyrins forming an approximate 90° dihedral angle occurred 
with a time constant of 5 ps.197 In this previous work, it was clearly demonstrated that the energy 
transfer process occurred via both the Forster and Dexter mechanisms.  
This statement also leads to a second conclusion; if these processes, 1Bodipy* → Q and 1por* → 
Q, operate efficiently via a Dexter mechanism, then the 1Bodipy* → por should also using the 
azophenine as bridge. The separation between the Dexter and Forster contribution to the overall 
rate is not possible in this work. The second purpose of the DFT and TDDFT computations is to 
provide a characterization of the lowest energy CT excited state. The computed positions of the 
pure electronic transitions, oscillator strengths (f), and major contributions for DiBodipyQ, 
TertBodipyQ and PorBodipyQ using a THF solvent field are gathered in Table 4 (for the 100 first 
electronic transitions, see SI). 
For all three investigated cases, their lowest energy electronic transition is almost exclusively a 
HOMO → LUMO (95-98 %) confirming the CT nature of their excited state. Moreover, for 
DiBodipyQ and TertBodipyQ, the computed f value is zero or almost nil (Table 4), and the 
positions of the electronic bands are calculated at 625 and 638 nm. This computational result 
corroborates the experimental data at 77 K where the fluorescence starts around 650 nm (Figure 
57). For PorBodipyQ, the calculated f value is low and suggests its appearance at 711 nm. A weak  
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Table 4. Calculated positions of the pure electronic transitions, oscillator strengths (f), and major 
contributions for DiBodipyQ, TertBodipyQ and PorBodipyQ. 
No.   λ (nm) f Major contribs for DiBodipyQ 
1 625 0 HOMO->LUMO (98%) 
2 543 0.6285 H-3->LUMO (98%) 
3 526 0.0001 H-1->LUMO (100%) 
4 526 0.0002 H-2->LUMO (100%) 
5 480 1.0455 H-4->LUMO (92%) 
6 477 0.012 H-3->L+1 (11%), HOMO->L+1 (81%) 
7 477 0.0015 H-3->L+2 (11%), HOMO->L+2 (84%) 
8 465 0 H-5->LUMO (92%) 
9 446 0.4311 H-2->L+1 (92%) 
10 446 0.7265 H-1->L+2 (92%) 
 
No.    λ (nm) f Major contribs for TertBodipyQ 
1 638 0.0002 HOMO->LUMO (98%) 
2 569 0.8744 H-5->LUMO (97%) 
3 537 0.0002 H-2->LUMO (100%) 
4 537 0.0001 H-1->LUMO (100%) 
5 535 0 H-3->LUMO (100%) 
6 534 0.0001 H-4->LUMO (100%) 
7 500 1.1686 H-6->LUMO (98%) 
8 490 0.0009 H-7->LUMO (94%) 
9 477 0.0038 H-5->L+1 (11%), HOMO->L+1 (83%) 
10 477 0.001 H-5->L+3 (10%), HOMO->L+3 (82%) 
 
No. λ (nm) f Major contribs PorBodipyQ 
1 711 0.0026 HOMO->LUMO (91%) 
2 681 0.9091 H-1->LUMO (95%) 
3 585 0.6621 H-1->L+4 (17%), HOMO->L+1 (62%) 
4 580 0.0044 H-1->L+1 (45%), HOMO->L+4 (28%) 
5 
576 0.0084 
H-3->LUMO (21%), H-3->L+1 (15%), H-1->L+5 (26%), 
HOMO->L+5 (28%) 
6 
576 0.0084 
H-2->LUMO (21%), H-2->L+1 (15%), H-1->L+6 (24%), 
HOMO->L+6 (29%) 
7 560 0.0079 H-6->LUMO (83%) 
8 554 0.0317 H-1->L+2 (29%), HOMO->L+2 (62%) 
9 552 1.0974 H-7->LUMO (89%) 
10 545 0 H-1->L+3 (26%), HOMO->L+3 (64%) 
aThe simulated absorption spectra are placed in the SI for convenience. 
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tail at 298 and shoulder at 77 K are depicted on the low-energy side of the Q band (i.e. in the 650-
700 nm range). Moreover, the calculated red-shifted position of the CT band is also reflected by 
the bathochromic shift of the fluorescence band (Figure 59). The non-nil f value for PorBodipyQ 
is easily explained by the atomic contributions of the porphyrin unit (i.e. Por-C≡C-C6H4) to the 
central azophenine core by virtue of MO coupling. All in all, these DFT and TDDFT computations 
compare favorably the experimental findings, and consequently, the nature of the low-lying 
azophenine CT state is reliably identified. 
5.3 Conclusion 
Azophenine-based star-shaped molecules with Bodipy and zinc(II)porphyrin as the antennas were 
synthesized and characterized. The comparison of the steady-state UV-vis spectra of DiBodipyQ, 
TertBodipyQ and PorBodipyQ with their model compounds indicated that there is some 
electronic communication in the ground state between the various chromophores of these polyads. 
Moreover in the excited state, the excitation spectra of all the fluorescence bands arising from the 
various components (Bodipy, porphyrin and azophenine) match perfectly the absorption spectra 
thus providing a clear evidence for singlet-singlet energy transfers between Bodipy and porphyrin 
(1Bodipy* → 1Por), Bodipy and azophenine (1Bodipy*→Q), porphyrin and azophenine (1Por*→ 
Q). Streak Camera and fs TAS uncovered that the time scale for relaxation of the Bodipy moieties 
(1Bodipy*→Por and 1Bodipy*→Q) were in the ps time scale (2-20) and the rate constants for 
1Bodipy* → 1Por, 1Bodipy*→Q and 1Por*→ Q are 10 × 1010 s-1, 22 × 1010 s-1 and 16 × 1010 s-1, 
respectively, which can be considered ultrafast. In the previous three chapters, there was only a 
“superficial” evidence for singlet-singlet energy transfer (if any) between the truxene unit and the 
azophenine core where no rate constants could be reliably measured. In this chapter, the use of the 
Bodipy and porphyrin dye provided clear evidence for energy transfer. The reason for this 
observation is that the fluorescence spectra of the dye donors overlap well with broad CT 
absorption band of azophenine, whereas the truxene fluorescence does not. The main conclusion 
of this work is that these dye antennas channel their absorbed energy to the central azophenine 
very efficiently. Moreover, based on the research presented in Chapter 2, which indicated that 
azophenine could serve as a good model of emeraldine and could be rendered to be emissive 
through reasonable functionalization, PorBodipyBQ provided a further evidence for the potential 
application of polyaniline for polymer-based solar cell devices when anchoring with antennas such 
as porphyrin and Bodipy. The last challenge was to render the CT excited state lifetime long 
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enough for a photo-induced electron transfer to occur to an acceptor such as a C60-derivative for 
example (PCBM). In Chapter 4, the cyclisation of azophenine with BF2+ rendered azophenine 
more ridged and completely fluorescent at room temperature in fluid solution (see BQ; Figure 9, 
Chapter 4) with a lifetime of 107 ps (Table 6, Chapter 4). This time scale is long enough to secure 
a photo-induced electron transfer. In conclusion, the combination of both cyclisation and 
functionalization with appropriate antennas, polyazophenine may be useful in solar cell technology 
if in the active layer where the charge separation takes place. 
5.4 Experiment Procedure  
Materials. Compound 2, 8 has been introduced in Chapter 3,  Bodipy181 and compound 12 198 
prepared according to literature procedure. Pd(dba)3, Ph3As were purchased from Aldrich and were 
used as received. All flasks were dried under a flame to eliminate moisture. Solvents were distilled 
from appropriate drying agents and other reagents were used as received. 
Instruments. The 1H and 13C NMR spectra were collected on a Bruker DRX400 spectrometer 
using the solvent as chemical shift standard. The coupling constant are in Hz. MALDI-TOF mass 
spectra were recorded on a Bruker BIFLEX III TOF mass spectrometer (Bruker Daltonics, 
Billerica, MA, USA) using a 337 nm nitrogen laser with dithranol as matrix. The spectra were 
measured from freshly prepared samples. The absorption spectra in the solution were measured on 
a Varian Cary 300 Bio UV-vis spectrometer at 298 K and on a Hewlett-Packard 8452A diode array 
spectrometer with a 0.1 s integration time at 77 K. The steady state fluorescence (< 820 nm) and 
the corresponding excitation spectra were acquired on an Edinburgh Instruments FLS980 
phosphorimeter equipped with single monochromators. Fluorescence lifetime measurements were 
made with the FLS908 spectrometer using a 378 nm picosecond pulsed diode laser (fwhm = 78 
ps) as an excitation source. Data collection on the FLS980 system was performed by time 
correlated single photon counting (TCSPC). All fluorescence spectra were corrected for instrument 
response.  
Fast kinetic fluorescence measurements. The short components of the fluorescence decays were 
measured using a Streak camera (Axis-TRS, Axis Photonique Inc.) with less than 8 ps resolution. 
The results were also globally analysed with the program Glotaran (http://glotaran.org) permitting 
to extract a sum of independent exponentials ( 𝐼(𝜆, 𝑡) = 𝐶1(𝜆)× 𝑒
−
𝑡1
𝜏 + 𝐶2(𝜆)× 𝑒
−
𝑡2
𝜏 + ⋯ ). 
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Femtosecond transient absorption measurements. The fs transient spectra and decay profiles 
were acquired on a homemade system using a Soltice/OPA-800CF (Spectra Physics) Ti-sapphire 
laser (λex - 500 nm; FWHM - 120 fs; pulse energy - 3.5 mJ per pulse, max rep. rate - 1 MHz, spot 
size - 200 μm) a white light continuum generated inside a sapphire window and custom-made dual 
CCD camera 64 × 1024 pixels sensitive between 200 and 1100 mn (S7030, Spectronic Devices). 
The results were also globally analysed with the program Glotaran (http://glotaran.org) permitting 
to extract a sum of independent exponentials ( 𝐼(𝜆, 𝑡) = 𝐶1(𝜆)× 𝑒
−
𝑡1
𝜏 + 𝐶2(𝜆)× 𝑒
−
𝑡2
𝜏 + ⋯ ). 
Computations. All density functional theory (DFT) calculations were performed with Gaussian 
0913 at the Université de Sherbrooke with the Mammouth supercomputer supported by Le Réseau 
Québécois De Calculs Hautes Performances. The DFT geometry optimisations and time dependant 
DFT (TD-DFT) calculations199-208 were carried out using the B3LYP method. A 6-31g* basis set 
was used for C, H, N atoms209-214. Theoretical UV-visible absorption spectra were obtained using 
GaussSum215. 
Synthesis of DiBodipyQ. To a 50 mL Schlenk tube was added 20 mL of THF. The solvents were 
purged with argon before addition of Bodipy (352 mg, 0.7 mmol), compound 8 (158 mg, 0.23 
mmol), Pd(dba)2 (2.6 mg, 2.8×10-3 mmol), Et3N (1 mL). The resulting solution was stirred at RT. 
After complete conversion of the starting materials as monitored by TLC, the solvent was 
evaporated. The product was purified on a silica column (Hexanes/CHCl3=3/1 as the solvent) to 
give the target compound DiBodipyQ as red solid. (200 mg, 60%). 1H NMR (300 MHz, CDCl3) 
δ 8.45 (s, 2H), 7.70 (d, J = 8.1 Hz, 4H), 7.59 (d, J = 8.3 Hz, 4H), 7.49 (d, J = 8.3 Hz, 4H), 7.32 (d, 
J = 8.2 Hz, 5H), 7.18 – 6.96 (m, 8H), 6.36 (s, 2H), 2.57 (s, 12H), 2.34 (q, J = 7.6 Hz, 8H), 1.37 (s, 
12H), 1.02 (t, J = 7.5 Hz, 12H), 0.28 (s, 18H). 13C NMR (76 MHz, CDCl3) δ 154.01, 139.32, 
138.25, 135.76, 133.12, 132.94, 132.75, 132.19, 130.57, 128.53, 123.92, 121.11, 120.76, 104.90, 
92.36, 90.62, 88.99, 29.72, 17.10, 14.63, 12.55, 11.91, 0.02. 13C NMR (76 MHz, CDCl3) δ 154.01, 
139.32, 138.25, 135.76, 133.12, 132.94, 132.75, 132.19, 130.57, 128.53, 123.92, 121.11, 120.76, 
104.90, 92.36, 90.62, 88.99, 29.72, 17.10, 14.63, 12.55, 11.91, 0.02. MALDI-TOF: m/z calculated 
C90H90B2F4N8Si2 1437.55, found 1419.96 (M-F). 
Synthesis of 11. To a 100 mL round bottom flask was added 20 mL of DCM/MeOH (v/v = 2:1). 
The solvents were purged with argon before addition of DiBodipyQ (80 mg, 0.06 mmol). K2CO3 
(4 mL, 4 mmol) was then added. The reaction was stirred for 2 hours prior to filter off the salt 
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under vacuum. Chromatography on silica gel afforded the target compound as red solid (67 mg, 
92%).  
1H NMR (300 MHz, CDCl3) δ 8.42 (s, 2H), 7.70 (d, J = 8.1 Hz, 4H), 7.55 (dd, J = 16.8, 8.3 Hz, 
8H), 7.34 (s, 3H), 7.31 (s, 2H), 7.07 (t, J = 8.6 Hz, 8H), 6.36 (s, 2H), 3.12 (s, 2H), 2.57 (s, 12H), 
2.34 (q, J = 7.4 Hz, 8H), 1.37 (s, 11H), 1.02 (t, J = 7.5 Hz, 12H). MALDI-TOF: m/z calculated 
C84H74B2F4N8 1293.19, found 1275.93 (M-F+H). 
Synthesis of 13. Compound 12 (358 mg, 0.40 mmol) and Zn(AcO)2 (110 mg, 0.60 mmol) were 
dissolved in 30 mL of mixture of DCM/MeOH (v/v = 2:1), the reaction was stirred at room 
temperature. After complete conversion of the starting materials as monitored by TLC, the solvent 
was evaporated. Chromatography on silica gel afforded the target compound as red solid. Yield: 
364 mg (95 %).  
1H NMR (300 MHz, CDCl3) δ 9.85 (d, J = 4.8 Hz, 2H), 9.05 (d, J = 4.8 Hz, 2H), 8.95 (dd, J = 
11.4, 4.7 Hz, 4H), 8.21 (dd, J = 7.6, 1.7 Hz, 2H), 8.09 (d, J = 1.8 Hz, 4H), 7.84 (t, J = 1.8 Hz, 2H), 
7.77 (dd, J = 7.2, 5.4 Hz, 3H), 1.56 (s, 37H). 13C NMR (76 MHz, CDCl3) δ 152.06, 151.55, 150.83, 
150.49, 148.67, 142.62, 141.38, 137.64, 134.21, 133.90, 132.59, 132.30, 129.78, 127.59, 126.57, 
123.32, 122.00, 121.01, 80.75, 35.07, 31.76. 13C NMR (76 MHz, CDCl3) δ 152.06, 151.55, 150.83, 
150.49, 148.67, 142.62, 141.38, 137.64, 134.21, 133.90, 132.59, 132.30, 129.78, 127.59, 126.57, 
123.32, 122.00, 121.01, 80.75, 35.07, 31.76.  
Synthesis of PorBodipyQ. To a 50 mL Schlenk tube was added 20 mL of THF. The solvents were 
purged with argon before addition of compound 11 (40 mg, 0.03 mmol), compound 13 (118 mg, 
0.12 mmol), Pd(dba)2 (2.6 mg, 2.8×10-3 mmol), Et3N (1 mL). The resulting solution was stirred at 
RT. After complete conversion of the starting materials as monitored by TLC, the solvent was 
evaporated. The product was purified on a silica column (Hexanes/CHCl3=3/1 as the solvent) to 
give the target compound PorBodipyQ as claybank solid. (47 mg, 52%). 
1H NMR (300 MHz, CDCl3) δ 9.91 (d, J = 4.6 Hz, 4H), 9.09 (d, J = 4.7 Hz, 4H), 8.93 (d, J = 4.7 
Hz, 4H), 8.88 (d, J = 4.7 Hz, 4H), 8.70 – 8.56 (m, 2H), 8.19 (dd, J = 6.4, 2.3 Hz, 4H), 8.09 (d, J = 
1.7 Hz, 9H), 7.82 (t, J = 1.8 Hz, 5H), 7.74 (d, J = 6.5 Hz, 8H), 7.62 (d, J = 6.8 Hz, 5H), 7.52 (d, J 
= 8.0 Hz, 5H), 7.24 – 7.15 (m, 2H), 7.09 (d, J = 8.1 Hz, 3H), 6.61 (s, 2H), 2.44 (s, 12H), 2.11 (dd, 
J = 15.4, 6.6 Hz, 8H), 1.12 (s, 12H), 0.79 (t, J = 9.6 Hz, 14H). 13C NMR (76 MHz, CDCl3) δ 
153.84, 152.19, 150.85, 150.15, 150.05, 148.74, 142.66, 141.40, 139.16, 138.07, 135.51, 134.21, 
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133.20, 132.82, 132.75, 132.62, 132.60, 132.27, 132.15, 132.03, 129.84, 128.34, 126.59, 123.55, 
120.95, 77.44, 77.22, 77.01, 76.59, 35.08, 31.76, 29.71, 16.92, 14.48, 14.13, 12.45, 11.73, 1.04. 
MALDI-TOF: m/z calculated C192H182B2F4N16Zn2 2942.05, found 2942.86 (M+H) and 2922.89 
(M-F+H). 
Synthesis of Por. To a 50 mL Schlenk tube was added 20 mL of THF, the solvents were purged 
with argon before addition of PdCl2(PBu3)2 (1.2 mg, 1.9 mmol), CuI (33 mg, 0.17 mmol), Et3N 
(3mL), and compound 13 (100 mg, 0.11mmol), phenylacetylene (34 µl, 0.315 mmol). The 
resulting solution was stirred at room temperature for 8h. After complete conversion of the starting 
materials as monitored by TLC, the solvent was evaporated. Chromatography on silica gel afforded 
the target compound as green solid. (80 mg, 82%).  
1H NMR (300 MHz, CD2Cl2) δ 9.93 (d, J = 4.7 Hz, 2H), 9.12 (d, J = 4.7 Hz, 2H), 8.97 (d, J = 4.7 
Hz, 2H), 8.91 (d, J = 4.7 Hz, 2H), 8.23 (dd, J = 7.4, 1.9 Hz, 2H), 8.14 (d, J = 1.9 Hz, 4H), 8.13 (s, 
1H), 8.10 (d, J = 1.2 Hz, 1H), 7.90 (t, J = 1.8 Hz, 2H), 7.80 (q, J = 5.2 Hz, 3H), 7.64 (dd, J = 8.0, 
6.5 Hz, 2H), 7.56 (dd, J = 10.3, 4.4 Hz, 1H), 1.59 (s, 37H). 13C NMR (76 MHz, CD2Cl2) δ 134.24, 
133.15, 132.14, 132.02, 131.53, 130.55, 129.77, 128.73, 127.57, 126.56, 123.47, 121.16, 34.95, 
31.45. 
Synthesis of TertBodipyQ. To a 50 mL Schlenk tube was added 20 mL of THF. The solvents were 
purged with argon before addition of Bodipy (210 mg, 0.42 mmol), compound 2 (37 mg, 0.07 
mmol), Pd(dba)2 (2.6 mg, 2.8×10-3 mmol), Et3N (1 mL). The resulting solution was stirred at RT. 
After complete conversion of the starting materials as monitored by TLC, the solvent was 
evaporated. The product was purified on a silica column (Hexanes/CHCl3=3/1 as the solvent) to 
give the target compound TertBodipyQ as red solid. (70 mg, 50%).  
1H NMR (300 MHz, CDCl3) δ 8.47 (s, 2H), 7.69 (d, J = 8.1 Hz, 8H), 7.60 (d, J = 8.2 Hz, 8H), 7.31 
(d, J = 8.2 Hz, 9H), 7.12 (d, J = 8.0 Hz, 8H), 6.44 (s, 2H), 2.55 (s, 24H), 2.31 (dd, J = 14.8, 7.2 
Hz, 18H), 1.35 (s, 19H), 0.99 (t, J = 7.5 Hz, 25H). 
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Figure S1. UV-vis absorption (black), excitation (blue and green for TertBodipyQ at 77K) and 
emission (red) spectra of Bodipy, DiBodipyQ and TertBodipyQ in 2MeTHF at 298 K (left) and 
77 K (right). 
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Figure S2. UV-vis absorption (black), excitation (blue) and emission (red) spectra of Por and 
PorBodipyQ in 2MeTHF at 298 K (left) and 77 K (right). 
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Figure S3. Optimized geometry of DiBodipyQ, TertBodipyQ and PorBodipyBQ in THF solvent 
field. 
 
Figure S4. Representations of the frontier MOs of DiBodipyQ in THF solvent field (energies in 
eV). 
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Figure S5. Representations of the frontier MOs of TertBodipyQ in THF solvent field (energies 
in eV). 
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Figure S6. Representations of the frontier MOs of PorBodipyQ in THF solvent field (energies in 
eV), with porphyrin connected with the -NH-, while Bodipy with the -N=H-. 
 
Figure S7. Computed positions and oscillator strength for the 100st electronic transitions for 
DiBodipyQ (Left), TertBodipyQ (Middle) and PorBodipyQ (Right) (TFH solvent field applied). 
The black line is generated by applying a thickness of 1500 cm-1. 
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Figure S8. Representations of the frontier MOs of PorBodipyQ in THF solvent field (energies in 
eV), with porphyrin connected with the -N=H-, while bodipy with the -NH-. 
Table S1. Calculated positions of the pure electronic transitions, oscillator strengths, and major 
contributions for PorBodipyQ, with porphyrin connected with the -NH-, while bodipy with the -
N=H-. 
No. λ (nm) 
Osc. 
Strength 
Major contribs PorBodipyQ 
1 721 1.6018 HOMO->LUMO (95%) 
2 707 0.0106 H-2->LUMO (10%), H-1->LUMO (86%) 
3 601 0.0004 H-2->LUMO (81%), H-1->LUMO (12%) 
4 581 0.0048 
H-3->LUMO (35%), H-3->L+1 (12%), H-1->L+6 (18%), 
HOMO->L+6 (29%) 
5 581 0.0042 
H-4->LUMO (35%), H-4->L+1 (12%), H-1->L+5 (23%), 
HOMO->L+5 (23%) 
6 577 0.0173 H-3->L+6 (12%), H-1->L+4 (18%), HOMO->L+1 (56%) 
7 575 0.307 H-4->L+5 (10%), H-1->L+1 (48%), HOMO->L+4 (28%) 
8 545 0.0011 H-1->L+2 (38%), HOMO->L+2 (61%) 
9 542 0.0003 H-1->L+3 (27%), HOMO->L+3 (73%) 
10 540 0.0002 H-5->LUMO (100%) 
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Figure S9. Computed positions and oscillator strength for the 100st electronic transitions for 
PorBodipyQ with porphyrin connected with the -NH-, while bodipy with the -N=H-. (TFH solvent 
field applied). The black line is generated by applying a thickness of 1500 cm-1. 
Table S2. Selected calculated positions of the pure electronic transitions, oscillator strengths (f), 
and major contributions for DiBodipyQ, TertBodipyQ and BodipyPorQ using a THF field.  
No. λ (nm) f Major contribs for DiBodipyQ 
1 625 0 HOMO->LUMO (98%) 
2 543 0.6285 H-3->LUMO (98%) 
3 526 0.0001 H-1->LUMO (100%) 
4 526 0.0002 H-2->LUMO (100%) 
5 480 1.0455 H-4->LUMO (92%) 
6 477 0.012 H-3->L+1 (11%), HOMO->L+1 (81%) 
7 477 0.0015 H-3->L+2 (11%), HOMO->L+2 (84%) 
8 465 0 H-5->LUMO (92%) 
9 446 0.4311 H-2->L+1 (92%) 
10 446 0.7265 H-1->L+2 (92%) 
11 438 0 H-1->L+1 (100%) 
12 437 0 H-2->L+2 (100%) 
13 436 0.0011 H-3->L+1 (85%), HOMO->L+1 (13%) 
14 435 0.0002 H-3->L+2 (85%), HOMO->L+2 (13%) 
15 399 0 H-8->LUMO (94%) 
16 393 0.0029 H-4->L+1 (82%) 
17 392 0.0006 H-4->L+2 (82%) 
18 379 1.9096 HOMO->L+3 (93%) 
19 377 0.1345 H-7->L+1 (85%) 
20 377 0.1662 H-6->L+2 (90%) 
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21 372 0.0036 H-6->LUMO (96%) 
22 371 0.0091 H-7->LUMO (94%) 
23 368 0.0037 H-1->L+3 (67%), H-1->L+4 (29%) 
24 367 0.0192 H-2->L+3 (67%), H-2->L+4 (28%) 
25 367 0.0009 H-5->L+1 (88%), H-4->L+1 (11%) 
26 366 0.0002 H-5->L+2 (88%), H-4->L+2 (12%) 
27 357 0.1746 H-11->LUMO (41%), H-10->L+1 (23%), H-9->L+1 (15%) 
28 357 0.1205 H-11->LUMO (42%), H-10->L+1 (17%), H-9->L+1 (12%) 
29 356 0.0554 H-10->L+1 (14%), H-10->L+2 (25%), H-9->L+2 (43%) 
30 355 0.0007 H-9->L+2 (10%), H-3->L+3 (44%), HOMO->L+4 (27%) 
31 350 0.0017 H-10->LUMO (51%), H-9->LUMO (48%) 
32 350 0.006 H-10->LUMO (46%), H-9->LUMO (48%) 
33 346 0.0001 H-3->L+3 (38%), HOMO->L+4 (60%) 
34 339 0.0017 H-8->L+1 (82%) 
35 339 0.0001 H-8->L+2 (82%) 
36 332 0.7512 H-3->L+4 (80%) 
37 332 0.0833 H-1->L+3 (28%), H-1->L+4 (62%) 
38 332 0.0051 H-2->L+3 (30%), H-2->L+4 (69%) 
39 330 0.0143 H-12->LUMO (92%) 
40 330 0.0007 H-13->LUMO (96%) 
41 327 0.0735 HOMO->L+5 (88%) 
42 325 0 H-6->L+1 (100%) 
43 325 0 H-7->L+2 (100%) 
44 320 0 H-21->LUMO (39%), H-18->LUMO (33%) 
45 317 0.0001 H-18->LUMO (11%), H-4->L+3 (79%) 
46 316 0.0056 H-19->LUMO (89%) 
47 315 0 H-21->LUMO (29%), H-18->LUMO (47%) 
48 312 0.0426 H-14->LUMO (92%) 
49 312 0.0002 H-15->LUMO (92%) 
50 310 0.003 H-11->L+1 (53%), H-10->L+1 (12%), H-9->L+1 (25%) 
51 309 0.0017 H-11->L+2 (55%), H-10->L+2 (19%), H-9->L+2 (15%) 
52 309 0.4307 H-26->LUMO (37%), H-20->LUMO (13%), H-9->L+1 (10%) 
53 309 0.1358 H-11->L+1 (29%), H-10->L+1 (20%), H-9->L+1 (26%) 
54 308 0.0028 H-11->L+2 (31%), H-10->L+2 (42%), H-9->L+2 (24%) 
55 307 0.0816 H-5->L+3 (19%), H-3->L+5 (50%) 
56 307 0.1808 H-5->L+3 (45%), H-4->L+4 (10%), H-3->L+5 (20%) 
57 301 0.0025 H-17->L+1 (92%) 
58 301 0.0025 H-16->L+2 (97%) 
59 301 0.0006 H-1->L+5 (48%), HOMO->L+6 (44%) 
60 301 0.0006 H-1->L+5 (52%), HOMO->L+6 (41%) 
61 301 0 H-2->L+5 (99%) 
62 300 0.0919 H-20->LUMO (24%), H-5->L+3 (17%), H-4->L+4 (51%) 
63 299 0.149 H-26->LUMO (18%), H-20->LUMO (40%), H-4->L+4 (20%) 
64 298 0.0006 H-16->LUMO (95%) 
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65 298 0.0003 H-17->LUMO (90%) 
66 293 0.0271 H-23->LUMO (31%), H-22->LUMO (29%), H-5->L+4 (14%) 
67 292 0.0003 H-23->LUMO (45%), H-22->LUMO (40%) 
68 291 0.0049 H-5->L+4 (78%) 
69 287 0.0051 H-1->L+7 (96%) 
70 287 0.0047 H-2->L+8 (96%) 
71 287 0.0123 H-3->L+10 (12%), HOMO->L+9 (63%) 
72 287 0.0004 H-3->L+9 (11%), HOMO->L+10 (70%) 
73 285 0.0001 H-6->L+3 (65%), H-6->L+4 (28%) 
74 285 0.0008 H-7->L+3 (66%), H-7->L+4 (27%) 
75 284 0.0062 H-27->LUMO (53%), H-24->LUMO (12%), H-3->L+6 (15%) 
76 284 0.0031 H-27->LUMO (12%), H-3->L+6 (62%) 
77 281 0 H-1->L+6 (96%) 
78 281 0 H-2->L+6 (97%) 
79 280 0.2713 H-8->L+3 (71%), HOMO->L+11 (15%) 
80 278 0.0003 H-4->L+5 (80%) 
81 278 0.0019 H-3->L+7 (15%), HOMO->L+7 (61%) 
82 278 0.2942 H-8->L+3 (12%), HOMO->L+8 (12%), HOMO->L+11 (39%) 
83 278 0.0862 H-3->L+8 (13%), HOMO->L+8 (49%) 
84 276 0.0003 H-13->L+1 (21%), H-12->L+1 (63%) 
85 276 0.001 H-20->L+2 (18%), H-13->L+2 (40%), H-12->L+2 (30%) 
86 275 0.0001 H-3->L+11 (11%), HOMO->L+12 (64%) 
87 274 0.0048 H-25->LUMO (61%), H-24->LUMO (20%) 
88 274 0.0032 
H-27->LUMO (21%), H-25->LUMO (15%), H-24->LUMO 
(49%) 
89 274 0.0006 H-20->L+2 (35%), H-14->L+2 (13%), H-13->L+2 (28%) 
90 273 0.0006 
H-20->L+1 (10%), H-15->L+1 (17%), H-14->L+1 (45%), H-
13->L+1 (18%) 
91 273 0.0001 
H-15->L+1 (14%), H-14->L+1 (13%), H-13->L+1 (55%), H-
12->L+1 (14%) 
92 273 0.0002 H-15->L+2 (52%), H-14->L+2 (24%) 
93 272 0.0001 H-19->L+1 (60%), H-18->L+1 (33%) 
94 272 0.0003 H-13->L+2 (26%), H-12->L+2 (61%) 
95 272 0.0085 H-20->L+1 (12%), H-19->L+2 (19%), H-18->L+2 (37%) 
96 272 0.0075 
H-20->L+1 (27%), H-19->L+2 (10%), H-18->L+2 (18%), H-
12->L+1 (14%) 
97 272 0.0004 H-10->L+4 (23%), H-9->L+3 (59%), H-8->L+4 (10%) 
98 272 0.0415 H-10->L+3 (61%), H-9->L+4 (26%) 
99 272 0.2748 H-5->L+5 (43%), HOMO->L+13 (21%) 
100 271 0.0008 H-11->L+3 (20%), H-8->L+4 (55%) 
    
 
No. λ (nm) f Major contribs TertBodipyQ 
1 638 0.0002 HOMO->LUMO (98%) 
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2 569 0.8744 H-5->LUMO (97%) 
3 537 0.0002 H-2->LUMO (100%) 
4 537 0.0001 H-1->LUMO (100%) 
5 535 0 H-3->LUMO (100%) 
6 534 0.0001 H-4->LUMO (100%) 
7 500 1.1686 H-6->LUMO (98%) 
8 490 0.0009 H-7->LUMO (94%) 
9 477 0.0038 H-5->L+1 (11%), HOMO->L+1 (83%) 
10 477 0.001 H-5->L+3 (10%), HOMO->L+3 (82%) 
11 472 0.0025 H-5->L+2 (18%), HOMO->L+2 (77%) 
12 471 0.0011 H-5->L+4 (19%), HOMO->L+4 (74%) 
13 458 0 H-1->L+1 (99%) 
14 458 0 H-2->L+3 (97%) 
15 458 0 H-3->L+2 (98%) 
16 457 0 H-4->L+4 (96%) 
17 448 0.0003 H-5->L+4 (60%), HOMO->L+4 (22%) 
18 447 0.0413 H-5->L+2 (55%), HOMO->L+2 (19%) 
19 447 0.1884 H-4->L+1 (40%), H-1->L+4 (34%) 
20 447 0.7881 H-3->L+3 (30%), H-2->L+2 (54%) 
21 445 0.0763 
H-4->L+1 (11%), H-3->L+3 (43%), H-2->L+2 (24%), H-1->L+4 
(13%) 
22 444 1.2185 H-4->L+1 (31%), H-3->L+3 (16%), H-1->L+4 (35%) 
23 442 0.0008 H-5->L+1 (85%), HOMO->L+1 (13%) 
24 441 0.0002 H-5->L+3 (84%), HOMO->L+3 (12%) 
25 440 0 H-2->L+1 (99%) 
26 439 0 H-1->L+3 (97%) 
27 439 0 H-4->L+2 (98%) 
28 439 0 H-3->L+4 (96%) 
29 438 0 H-1->L+2 (98%) 
30 438 0 H-3->L+1 (99%) 
31 438 0 H-2->L+4 (97%) 
32 437 0 H-4->L+3 (97%) 
33 409 0.002 H-7->L+2 (38%), H-6->L+2 (49%), H-5->L+2 (10%) 
34 409 0.001 H-7->L+4 (35%), H-6->L+4 (49%), H-5->L+4 (10%) 
35 407 0.0014 H-7->L+1 (16%), H-6->L+1 (74%) 
36 406 0.0006 H-7->L+3 (17%), H-6->L+3 (72%) 
37 404 0 H-12->LUMO (95%) 
38 386 0.0015 H-7->L+2 (51%), H-6->L+2 (46%) 
39 386 0.0007 H-7->L+4 (52%), H-6->L+4 (43%) 
40 385 0.0005 H-7->L+1 (82%), H-6->L+1 (17%) 
41 384 0.0002 H-7->L+3 (79%), H-6->L+3 (18%) 
42 382 1.1724 HOMO->L+5 (90%) 
43 378 0.0855 H-9->LUMO (57%), H-9->L+2 (36%) 
44 378 0.0893 H-10->L+1 (12%), H-8->LUMO (52%), H-8->L+4 (27%) 
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45 377 0.0888 H-10->LUMO (22%), H-10->L+1 (52%), H-8->LUMO (18%) 
46 377 0.1095 H-11->LUMO (26%), H-11->L+3 (60%) 
47 376 0.1026 H-8->LUMO (29%), H-8->L+4 (57%) 
48 376 0.1356 H-11->LUMO (13%), H-9->LUMO (34%), H-9->L+2 (46%) 
49 375 0.0651 H-11->LUMO (59%), H-11->L+3 (28%) 
50 375 0.0546 H-10->LUMO (68%), H-10->L+1 (26%) 
51 371 1.7765 
H-17->LUMO (26%), H-13->LUMO (14%), HOMO->L+6 
(41%) 
52 370 0.0062 H-3->L+5 (62%), H-3->L+7 (23%) 
53 369 0.0137 H-4->L+5 (61%), H-4->L+7 (25%) 
54 365 0.0037 
H-1->L+5 (12%), H-1->L+6 (51%), H-1->L+7 (22%), H-1->L+8 
(12%) 
55 365 0.0083 
H-2->L+5 (12%), H-2->L+6 (53%), H-2->L+7 (20%), H-2->L+8 
(12%) 
56 364 0.0008 H-5->L+5 (74%) 
57 361 0.1339 
H-17->LUMO (22%), H-13->LUMO (17%), HOMO->L+6 
(52%) 
58 357 0.0348 
H-15->L+2 (16%), H-14->LUMO (13%), H-14->L+2 (23%), H-
13->LUMO (10%), H-13->L+2 (20%) 
59 356 0.0086 
H-16->L+1 (11%), H-15->L+1 (18%), H-14->LUMO (10%), H-
14->L+4 (23%) 
60 356 0.061 H-16->L+1 (13%), H-15->L+1 (20%), H-14->L+4 (18%) 
61 356 0.0385 H-16->L+3 (55%), H-15->L+3 (12%) 
62 355 0.0019 H-14->LUMO (16%), HOMO->L+7 (56%) 
63 355 0.0163 
H-15->LUMO (11%), H-14->LUMO (26%), H-14->L+4 (16%), 
H-13->LUMO (17%) 
64 355 0.0126 
H-15->LUMO (15%), H-14->LUMO (23%), H-14->L+2 (11%), 
H-13->LUMO (14%), H-13->L+2 (10%) 
65 354 0.0033 H-16->LUMO (71%) 
66 354 0.0084 
H-17->LUMO (16%), H-16->LUMO (20%), H-15->LUMO 
(41%), H-13->LUMO (11%) 
67 351 0 H-18->LUMO (76%) 
68 349 0 H-2->L+5 (83%) 
69 349 0 H-1->L+5 (83%), H-1->L+7 (10%) 
70 345 0.0003 H-5->L+6 (69%) 
71 344 0.8596 H-5->L+7 (88%) 
72 343 0.0014 H-12->L+1 (77%) 
73 343 0 H-3->L+5 (23%), H-3->L+6 (57%), H-3->L+7 (19%) 
74 342 0 H-4->L+5 (23%), H-4->L+6 (54%), H-4->L+7 (22%) 
75 342 0.0002 H-12->L+3 (76%) 
76 340 0.1836 H-28->LUMO (10%), H-19->LUMO (74%) 
77 338 0 H-5->L+6 (10%), HOMO->L+8 (84%) 
78 337 0 H-8->L+1 (96%) 
79 337 0 H-9->L+3 (94%) 
80 336 0 H-11->L+2 (98%) 
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81 336 0 H-10->L+4 (96%) 
82 335 0 H-4->L+6 (41%), H-4->L+7 (49%) 
83 335 0 H-3->L+6 (37%), H-3->L+7 (54%) 
84 335 0 H-1->L+6 (32%), H-1->L+7 (66%) 
85 335 0 H-2->L+6 (29%), H-2->L+7 (69%) 
86 333 0.0003 H-12->L+2 (83%) 
87 333 0.0001 H-12->L+4 (82%) 
88 330 0 H-21->LUMO (12%), H-20->LUMO (83%) 
89 329 0.0177 H-21->LUMO (74%), H-20->LUMO (11%) 
90 326 0 H-9->L+1 (99%) 
91 326 0 H-8->L+3 (97%) 
92 325 0 H-10->L+2 (98%) 
93 325 0 H-11->L+4 (96%) 
94 325 0 H-8->L+2 (98%) 
95 325 0 H-9->L+4 (97%) 
96 325 0 H-11->L+1 (99%) 
97 324 0 H-10->L+3 (97%) 
98 324 0.0061 H-7->L+7 (10%), H-6->L+5 (61%), H-6->L+6 (21%) 
99 324 0.3223 H-7->L+5 (11%), H-5->L+8 (65%) 
100 322 0.0001 H-2->L+6 (10%), H-2->L+8 (86%) 
    
 
No. λ (nm) f Major contribs for PorBodipyQ 
1 711 0.0026 HOMO->LUMO (91%) 
2 681 0.9091 H-1->LUMO (95%) 
3 585 0.6621 H-1->L+4 (17%), HOMO->L+1 (62%) 
4 580 0.0044 H-1->L+1 (45%), HOMO->L+4 (28%) 
5 576 0.0084 
H-3->LUMO (21%), H-3->L+1 (15%), H-1->L+5 (26%), 
HOMO->L+5 (28%) 
6 576 0.0084 
H-2->LUMO (21%), H-2->L+1 (15%), H-1->L+6 (24%), 
HOMO->L+6 (29%) 
7 560 0.0079 H-6->LUMO (83%) 
8 554 0.0317 H-1->L+2 (29%), HOMO->L+2 (62%) 
9 552 1.0974 H-7->LUMO (89%) 
10 545 0 H-1->L+3 (26%), HOMO->L+3 (64%) 
11 535 0.0275 H-2->LUMO (78%) 
12 533 0.0296 H-3->LUMO (78%) 
13 533 0.0003 H-4->LUMO (99%) 
14 532 0.0017 H-5->LUMO (99%) 
15 531 0.0001 H-1->L+1 (42%), HOMO->L+4 (49%) 
16 529 0.0236 H-1->L+4 (49%), HOMO->L+1 (29%) 
17 523 0.0011 H-1->L+2 (58%), HOMO->L+2 (28%) 
18 521 0.001 H-1->L+3 (59%), H-1->L+4 (12%), HOMO->L+3 (25%) 
19 489 0.0014 H-1->L+5 (45%), HOMO->L+5 (54%) 
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20 488 0.0016 H-1->L+6 (47%), HOMO->L+6 (51%) 
21 483 0.0003 H-8->LUMO (91%) 
22 473 1.4466 
H-9->LUMO (11%), H-6->L+1 (41%), H-3->L+5 (12%), H-
2->L+6 (12%) 
23 470 0.0001 H-2->L+2 (94%) 
24 466 0.0023 H-5->L+1 (71%), H-5->L+4 (23%) 
25 462 0.0021 H-7->L+1 (23%), H-6->L+4 (16%), H-4->L+1 (28%) 
26 462 0.0022 H-7->L+1 (14%), H-4->L+1 (49%), H-4->L+4 (12%) 
27 461 0.0001 H-3->L+3 (91%) 
28 459 0.0079 H-7->L+2 (33%), H-6->L+2 (54%) 
29 457 0.0068 H-7->L+3 (76%) 
30 450 0.0853 H-2->L+1 (65%), H-2->L+4 (20%) 
31 449 0.1034 H-3->L+1 (66%), H-3->L+4 (18%) 
32 449 0.2231 H-9->LUMO (71%), H-6->L+1 (18%) 
33 447 0.0717 H-5->L+2 (65%), H-4->L+3 (24%) 
34 446 1.0431 H-5->L+2 (23%), H-4->L+3 (64%) 
35 445 0.0174 H-3->L+2 (94%) 
36 444 0.0168 H-2->L+3 (91%) 
37 444 0.0517 H-4->L+1 (19%), H-4->L+2 (11%), H-4->L+4 (69%) 
38 443 0.0416 H-5->L+1 (25%), H-5->L+3 (13%), H-5->L+4 (58%) 
39 442 0.0637 
H-7->L+5 (12%), H-6->L+5 (10%), H-3->L+4 (35%), H-1->L+5 
(11%) 
40 442 0.5263 H-6->L+6 (21%), H-2->L+4 (34%), H-1->L+6 (11%) 
41 441 0.0038 H-7->L+1 (48%), H-6->L+4 (27%) 
42 439 0.0005 H-4->L+2 (85%), H-4->L+4 (12%) 
43 438 0.07 H-7->L+4 (68%), H-6->L+1 (11%) 
44 437 0.0001 H-5->L+3 (83%), H-5->L+4 (16%) 
45 437 0.0017 H-5->L+6 (99%) 
46 432 0 H-4->L+5 (100%) 
47 431 0.0004 H-7->L+2 (52%), H-6->L+2 (37%) 
48 430 0.0003 H-6->L+3 (79%), H-6->L+4 (11%) 
49 419 0 H-2->L+5 (100%) 
50 418 0 H-3->L+6 (100%) 
51 416 0.033 H-6->L+4 (22%), H-3->L+5 (14%), H-2->L+6 (24%) 
52 416 0 H-4->L+6 (100%) 
53 415 0.0001 H-5->L+5 (100%) 
54 414 1.465 
H-8->L+1 (14%), H-6->L+1 (18%), H-3->L+5 (23%), H-2->L+6 
(13%) 
55 410 0.0026 H-7->L+5 (44%), H-7->L+6 (34%) 
56 410 0.403 H-7->L+5 (32%), H-7->L+6 (46%) 
57 405 0.1013 H-6->L+5 (48%), H-6->L+6 (17%) 
58 405 1.2356 H-7->L+6 (12%), H-6->L+5 (19%), H-6->L+6 (43%) 
59 400 0.0004 H-13->LUMO (23%), H-13->L+1 (39%), H-13->L+4 (23%) 
60 399 0.0004 H-14->LUMO (22%), H-14->L+1 (35%), H-14->L+4 (21%) 
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61 398 0.2152 HOMO->L+7 (91%) 
62 396 0.0162 H-9->L+2 (11%), H-8->L+2 (72%) 
63 394 0.165 H-8->L+1 (35%), H-8->L+3 (39%) 
64 394 0.3112 H-8->L+1 (39%), H-8->L+3 (33%) 
65 390 0.0027 H-8->L+4 (40%), H-1->L+7 (40%) 
66 389 0.0027 H-8->L+4 (24%), H-1->L+7 (46%), HOMO->L+8 (12%) 
67 380 0.0005 
H-18->LUMO (14%), H-9->L+1 (46%), H-8->L+4 (12%), 
HOMO->L+8 (15%) 
68 378 0.0998 H-11->LUMO (21%), H-11->L+2 (61%) 
69 378 0.0061 H-18->LUMO (62%), H-9->L+1 (17%) 
70 378 0.1163 H-10->LUMO (28%), H-10->L+3 (59%) 
71 376 0.0001 H-13->L+6 (90%) 
72 376 0.0005 H-17->L+5 (12%), H-14->L+5 (83%) 
73 375 0.1212 H-9->L+4 (58%) 
74 374 0.0353 H-10->LUMO (70%), H-10->L+3 (23%) 
75 374 0.0401 H-11->LUMO (73%), H-11->L+2 (19%) 
76 374 0.0021 HOMO->L+8 (66%) 
77 373 0.0037 H-12->LUMO (82%) 
78 371 0.1312 H-9->L+6 (18%), H-8->L+6 (67%) 
79 371 0.1868 H-9->L+5 (18%), H-8->L+5 (67%) 
80 370 0.0004 H-9->L+2 (74%), H-8->L+2 (12%) 
81 370 0.0056 H-17->LUMO (17%), H-15->LUMO (55%) 
82 369 0.0257 H-9->L+3 (12%), H-1->L+8 (63%) 
83 369 0.0025 H-16->LUMO (72%) 
84 368 0.0031 H-17->LUMO (49%), H-15->LUMO (17%) 
85 368 0.0034 H-9->L+3 (53%), H-9->L+4 (17%) 
86 365 0.0229 H-19->LUMO (65%), H-19->L+1 (10%) 
87 364 0.3679 
H-22->LUMO (12%), H-21->LUMO (38%), H-20->LUMO 
(16%) 
88 364 0.1176 H-21->LUMO (13%), H-20->LUMO (48%) 
89 363 0.004 H-13->LUMO (67%), H-13->L+1 (12%), H-13->L+4 (10%) 
90 362 0.0041 
H-17->LUMO (11%), H-14->LUMO (59%), H-14->L+1 (12%), 
H-14->L+4 (10%) 
91 361 0.0119 H-4->L+7 (68%), H-4->L+8 (29%) 
92 360 0.0125 H-5->L+7 (66%), H-5->L+8 (30%) 
93 357 0.0286 H-9->L+6 (46%), H-8->L+6 (21%) 
94 357 0.0347 H-9->L+5 (54%), H-8->L+5 (22%) 
95 357 0.0689 H-22->LUMO (11%), H-22->L+3 (52%), H-21->L+3 (21%) 
96 357 0.0585 H-23->LUMO (14%), H-23->L+2 (76%) 
97 355 0.1047 HOMO->L+9 (32%) 
98 354 0.008 H-24->LUMO (40%) 
99 354 0.0335 H-25->LUMO (34%) 
100 354 0.0364 H-25->LUMO (15%), HOMO->L+9 (16%) 
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H1 NMR, C13 NMR and MALDI-TOF spectrum 
 
Figure S10. 1H NMR spectrum of DiBodipyQ (CDCl3, 76 MHz, 298 K). 
 
Figure S11. 13C NMR spectrum of DiBodipyQ (CDCl3, 76 MHz, 298 K). 
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Figure S12. MALDI-TOF spectrum of DiBodipyQ. 
 
Figure S13. 1H NMR spectrum of 11 (CDCl3, 76 MHz, 298 K). 
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Figure S14. MALDI-TOF spectrum of 11. 
 
Figure S15. 1H NMR spectrum of 13 (CDCl3, 76 MHz, 298 K). 
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Figure S16. 13C NMR spectrum of 13 (CDCl3, 76 MHz, 298 K). 
 
Figure S17. 1H NMR spectrum of Por (CDCl3, 76 MHz, 298 K). 
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Figure S18. 13C NMR spectrum of Por (CDCl3, 76 MHz, 298 K). 
 
Figure S19. 1H NMR spectrum of PorBodipyQ (CDCl3, 76 MHz, 298 K). 
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Figure S20. 13C NMR spectrum of PorBodipyQ (CDCl3, 76 MHz, 298 K). 
 
Figure S21. MALDI-TOF spectrum of PorBodipyQ. 
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Figure S22. 1H NMR spectrum of TertBodipyQ (CDCl3, 76 MHz, 298 K). 
 
Figure S23. 13C NMR spectrum of TertBodipyQ (CDCl3, 76 MHz, 298 K). 
252 
 
CHAPTER 6 
General Discussion and Perspectives  
6.1 General Discussion 
The molecules investigated in this thesis are summarized in Chart 3. As stated in the Introduction, 
the long-term objective of the laboratory is to improve bulk heterojunction solar cells with new 
materials, particularly what concerns the polymer-containing active layer. One polymer that did 
not find applications in this field so far is polyaniline in its various forms. 
 
Chart 3. Illustration of the structures of the molecules and models investigated in this thesis. 
Structures in black, green, blue and red are molecules involved for Chapters 2-5, respectively.  
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One of the reasons is the lack of long-lived singlet excited state (i.e. short ps time scale) to 
efficiently promote photoinduced electron transfer to an acceptor, often a C60-related compound. 
In order to render polyaniline potentially useful in this respect, the S1 excited state lifetimes needed 
to be increased, using fluorescence as a probe. If the material is fluorescent at room temperature, 
then the fluorescence lifetime must have increased to compete with the non-radiative rate constants. 
Because of solubility issues, it was more convenient to use a polyaniline model to investigate the 
photophysical behavior of polyaniline, here emeraldine. This thesis introduced the 
functionalization of azophenine at the para-position of N,N′,N″,N‴-tetra-aryl azophenine. These 
star-shaped cross-conjugated molecules bear both the benzoquinone diamine and phenyl amine 
fragments, similar to emerladine. The targeted functionalized groups were trans-
bis(phosphine)platinum(II), truxene, Bodipy, and zinc(II)porphyrin. These were all conjugated to 
the central core via an ethynyl bridge. These were to investigate the heavy atom effect (Pt) and to 
tentatively locate the triplet states, to probe the singlet and triplet energy transfers from the 
branches to the central core, and finally to search for S1 energy process between the branches 
bearing different dyes, respectively. Their structures were characterized by 1H NMR, 31P NMR, 
mass spectrometry and crystallography. Their photo-physical properties were investigated by 
steady state UV-vis, emission spectroscopy and time-resolved emission and transient absorption 
spectroscopy for the extraction of the short lifetimes and to identify any possible energy transfer 
processes. A summary of the main conclusion for each research chapter is presented below. 
In Chapter 2, azophenine was investigated to demonstrate that it can be used as a model for 
emeraldine. The presence of two intramolecular hydrogen bonds contributed to increase the 
rigidity of the central core, which was expected to decrease the rate of the interconversion S1 ~~> 
S0. Indeed, this hypothesis seems to have operated since the solid was found to be emissive at 298 
K in the near-IR region. This new feature was due to slowing of the rotation around the C-N bonds 
of the four alkyl-chain-substituted truxenes. A re-examination of the photophysical properties of 
the supposedly silent emeraldine in the near-IR region indicated a clear evidence for a fluorescence 
of the CT excited states in 77 K glasses (Figure 67). The photophysical data of emeraldine and 
azophenine were clearly similar. Based on DFT computations, this fluorescence originates from a 
phenyl amine-to-quinone diimine CT process accompanied with efficient non-radiative processes 
based on the ps lifetimes. Moreover, energy transfer from the truxene to the azophenine was 
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evidenced by the absorption spectra of truxene in the excitation spectra at near-IR region (Figure 
67).  
 
Figure 67. Comparison of absorption (black), excitation (blue) and emission (red) spectra for solid 
TertTruQ at 298K (left) and emeraldine base in 2MeTHF at 77 K (middle) and involved energy 
transfer process for TertTruQ (right).  
In Chapter 3, the organometallic fragment, -C≡CPt(PBu3)2C≡C- was inserted into the branches of 
azophenine-based star-shaped conjugated molecule to explore the synthetic possibility of 
organometallic azophenine through covalent bonding (i.e. Pt-C is very strong and considered 
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covalent). Moreover, the heavy atom effect was expected from the Pt atom with the hope of 
enhancing the intersystem crossing and convenient population of the triplet excited states. This 
would be ideal to locate the T1 manifold. However, no phosphorescence was detected. This was 
most likely because the rate constant for the non-radiative intersystem crossing T1 ~~> S0 increased 
as well. In addition, this heavy atom effect depolulated the S1 state (due to an increase in the rate 
for intersystem crossing S1 ~~> T1), so no fluorescence was detected at room temperature.  
In Chapter 4, two BF2
+ fragments were coordinated to azophenine by replacing the labile H+ ions 
on the HN^N moiety. This was to further rigidify the core. Despite the further modification which 
indeed rendered the molecules (TertTruPtBQ and TertPtBQ) emissive from the low energy CT 
state (S1) at 298 K in the near-IR region (which was not the case for DiTruPtQ and TertTruPtQ 
in Chapter 3, i.e. without BF2
+), phosphorescence was still absent (Figure 68). TDDFT revealed 
that the very small bandgap (Table 1; respectively, 0.975 and 0.84 eV for BQ and TertPtBQ) 
which can result in an accelerated non-radiative process could be responsible for the absence of 
phosphorescence. Moreover, a slow triplet-triplet energy transfer also found to occur from the 
branches to the azophenine central core at 298 and 77 K for TertTruPtBQ. 
 
Figure 68. Illustration of absorption (black), excitation (blue), emission (red) spectra at 298K (left) 
and the scenario of energy transfer processes (right) for TertTruPtBQ.  
Table 1. Predicted positions of the phosphorescence emission band with DFT calculation. 
 
E Ground state (a.u.) E Triplet state (a.u.) ∆E (ev) λ Predicted phosphorescence (nm) 
BQ -3764.242 -3764.207 0.975 1273 
TertPtBQ -8470.137 -8470.107 0.840 1478 
* Energies in hartree, a.u., which is more convenient to use in these cases. 
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In Chapter 5, the highly fluorescent porphyrin and Bodipy functions, used as energy transfer 
antenna, were introduced on the star-shaped cross-conjugated azophenine core. Moreover, the 
large absorptivity and the wavelength range of absorption of these two dyes, and the strong CT 
absorption of the CT band makes these molecules very good species for absorbing the whole UV-
visible spectrum of the sun (Figure 69). The aim was to investigate the singlet-singlet energy 
transfer behavior, through space and through bond using azophine as a simple molecular platform 
or a conjugated linker. Indeed, the excitation spectrum (blue line) of the low-energy CT 
fluorescence (red line) superimposes well the absorption one (black line) witnesses singlet-singlet 
energy transfer from Bodipy and porphyrin to azophenine (Bodipy*  azophenine and porphyrin* 
 azophenine (through bond process)). Moreover, monitoring the 640 nm band corresponding to 
the fluorescence of the porphyin units, exhibit the absorption feature of the Bodipy unit, indicating 
that an efficient through space singlet-singlet energy transfer between Bodipy and porphyrin 
(Bodipy *  porphyrin) also occurs.    
 
Figure 69. Illustration of absorption (black), excitation (green, blue) and emission (red) spectra 
(left) at 298K and the scenario of energy transfer processes (right) for PorBodipyQ. ET represents 
energy transfer.  
In summary, azophenine, used as a model for emeraldine (Figure 70), was functionalized to serve 
as core in a series of star-shaped cross-conjugated molecules. Their photophysical studies revealed 
that with proper structural modifications to suppress the non-radiative processes (mainly internal 
conversion induced by the rapid torsion via the C-N bonds187). This “non-emissive” species was 
rendered fluorescent at 298K with lifetimes in the ps regime. These species can also serve as 
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energy sinks (i.e. acceptor through the formation of a lower energy CT state) when anchoring 
antenna such as porphyrin, BODIPY and truxene. These findings inspired us to reconsider the use 
of polyaniline in bulk heterojunction solar cells, as it easy to synthesize and thermally stable. The 
work finished in this thesis was illustrated in Figure 71. 
 
Figure 70. Comparison of the absorption (black), excitation (blue) and emission (red) spectra and 
the fluorescence lifetimes of the shown azophenine at 298 K (Ar = truxene) and emeraldine at 77 
K. 
 
Figure 71. Diagram to show the work finished in the thesis.  
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6.2 Perspectives 
This thesis serves as primary investigations for the design polymers containing cross conjugated 
units, particularly aiming at polyaniline in various forms, notably for energy transfer purposes. 
Chart 3 presented a series of cross-conjugated polymers based on anthraquinone diimine (analogue 
of quinone diamine), which are currently under investigation. The trans-Pt(PBu3)2 unit and Pd 
atom were employed for the heavy atom effect to investigate the triplet state as well, if possible, 
and to easily introduce soluble groups. The solubility of polymers is often an issue in processing 
these materials. The non-fully conjugated polymers P1 and P2 are designed to compare their 
photophyical properties with those of P3. In these cases, the quinone diimine orientation is placed 
perpendicular to the main chain. P1 should therefore exhibit a push-pull behaviour from the 
C6H4C≡C‾ fragment to the C6H4NO2 pendent group. Concurrently, P2 and P3 further exhibit 
respectively moderate and strong push-pull motifs along the quinone diimine core. Polymers P4 
and P5 were also designed in which the quinone diimine orientation is placed along the main chain 
making then fully conjugated. The push-pull is introduced by the side branches, here via aromatic 
amines. In overall, a comparison of the photophysical responses of these two series (P1, P2, P3, 
P4 and P5) will permit to establish a structure-property relationship of the polymers. 
 
Chart 3. Illustration of the structures for polymers currently under investigation. 
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Finally, emeraldine structurally belongs to the family of «push-pull» polymers as well (Figure 72). 
It should be potentially usful in solar cell devices due to the presence of low-lying excited states 
named CT, while absorbing part of the near-IR solar radiation (i.e. 750 to 950 nm). This feature is 
expected to improve the solar cell performance.216  
        
Figure 72. Left: Reduced, oxidized, mixed-valence and conducting forms of polyaniline, 
respectively; Right: A: Scheme stressing the push-pull concept in conjugated polymers leading to 
the formation of an intense charge transfer band in the near-IR region; B: A conceptual model for 
a push-pull motif prior to polymerization (the proof of concept push-pull polymer frame A ≈ model 
in frame B) is provided in Figue 72; C: conceptual scheme showing the target conjugated polymer. 
 
Figure 73. Absorption spectra of porphyrin (push in red), an acceptor (pull in blue), and the 
corresponding polymer (black) showing the appearance of the CT band.217 
Due to the high molar extinction coefficient, porphyin-based polymers have been a topic of recent 
interests191, 218-220. Our group just reported a zinc(II)porphyrin-diketopyrrolopyrrole polymer 
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(Figure 73) which shows a solar cell efficiency of nearly 7 %.217 For zinc(II)porphyrin polymer-
containing solar cells, this value is a record for those with porphyrin in the main chain.221 We also 
investigated conjugated (zinc(II)porphyrin-N=C6X4=N)n polymers (X = Me, F) and the sought CT 
band at 750 nm was accompanied with a 800 nm fluorescence (F ~ 1.2 ns).222 
Thus, I here propose to synthesize and investigate (i.e. complete photophysical, electrochemical 
and MO (DFT and TDDFT computations) analyses) the branched push-pull conjugated polymers 
4a, 4b (Scheme 2), which should be emissive at 298 K, based on the findings of this thesis. 
 
Scheme 2. Illustration of synthesis strategies for the target polymers 3x, 4x and 5x (G = truxene: 
2a, 3a, 4a, 5a; G = zinc(II)porphyrin: 2b, 3b, 4b, 5b); Ar = 3,4,5-(OC6H13)3C6H2). PEG = 
polyethylene glycol (H-(OCH2CH2)n-OH; here n = 6), used for solubility reasons. R could also be 
BOC (di-tert-butyl dicarbonate) for protection purposes, if needed for R = H. 
In Scheme 2, two approaches will be exploited: first, the systematic method consisting of 
connecting the push unit first (see start from benzoquinone left), and second, the more “random” 
(and cost effective) method from the chemically accessible pernigraniline obtained from the 
commercial emeraldine. All indicated steps (i-vi) are standard and routinely used in our laboratory. 
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Random means that the branching of the push units may not be fully completed depending on the 
stoichiometry used and could be advantageously employed for modulation purposes. An attention 
will be paid on the soluble chains R and on Ar to make sure that the targets 3a and 3b can be 
processed. Noteworthy, compound 1 represents a versatile precursor where the SiMe3 leaving 
groups can be changed for other G functions (i.e. fluorophors, electro-active and organometallic 
groups, etc). The second part of this proposal concerns the ability of polymers 3a and 3b to act as 
electron donors towards electron acceptors, namely various carbon allotropes (C60 derivative, 
graphene, carbon nanotubes, etc), thus creating long-lived charge separated states necessary in the 
design of bulk heterojunction solar cells. In the case where R = H, there is clearly a possibility to 
replace the labile H+ ions by BF2
+, thus form cycles. The rigidification of the chromophore, here 
poly(azophenine), should render the fluorescence more intense, indicating that the excited state 
lifetime has become longer. In the case of solubility issues for polymer processing reasons, 
polyethylene glycol chains (H-(OCH2CH2)n-OH; here n = 6) can easily be introduced on the boron 
center. Once these targets obtained, two solar cell geometries can be studied in our laboratory: first, 
the mixed component film, and second the layered geometry (thickness in the order of 20-50 nm 
each donor/acceptor). The creation of the photo-induced charge separated state will be verified by 
fs transient absorption spectroscopy. The appearance (rise time) and disappearance (decay) of the 
transient signal will be monitored to extract the rate of forward (D-A + h→ D+-A‾) and back 
(D+-A‾ → D-A; k = 1/) electron transfers. 
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Conclusion 
Azophenine was synthesized one hundred years ago and has been widely used as a bi-chelate 
ligand in coordination chemistry through the nitrogen atoms. The work presented in this thesis 
introduces the functionalization of azophenine through a covalent bond at the para-position of the 
C6H4 groups of azophenine. By anchoring these pendant groups on azophenine, the latter moiety 
was rendered fluorescent at 298 K in the solid state. As a good model for the emeraldine base, this 
finding provides an imporrtant clue for the improvement of the photophysical properties of 
polyaniline, namely aiming at increasing the lifetime of the singlet excited states through suitable 
structural modifications. This may allow the excited state to live long enough for photo-induced 
electron transfer to an acceptor such as PCBM. The best achieved fluorescence lifetimes in this 
thesis are the order of several hundreds of ps range. This is sufficient for the electron transfer, 
which generally occurs in the tens of ps. Consequently, there is a potential for polymer-based solar 
cell devices. This point is even more appealing when considering the relatively inexpensive price 
of polyaniline (the commercially available emeraldine salt). The downside of this thesis is the lack 
of experimental information of the triplet state. On several occasions (or derivatives), a conjugated 
Pt-containing residue was anchored onto azophenine or its difluoroboronated analogue, with the 
hope of enhancing the intersystem crossing process. Despite the rigidity of the cental core, no 
emission attributable to the triplet state was observed. The knowledge of triplet state characteristics 
is important because of the nature of the common electrodes in the solar cell technology. Solar 
cells based on ITO and Al work best if the singlet-singlet absorption bands do not exceed 950 nm, 
which is the case here. However, because the phosphorescence is predicted to lie well below this 
limit, then it is imperative that the triplet not be efficiently populated. In the absence of this signal, 
it is not clear whether the triplet state are populated efficiently in non-metallated azophenines. 
Other attempts must be made to locate this excited state and corresponding signal. 
In addition, one interesting chemical process was observed during the synthesis of these species, 
as confirmed by the single crystal analysis in this work, tautomerization. It is important to be aware 
of this possibility since in the proposed future work presented in the perspectives on the modified 
emeraldine base, one may encounter a mixing of the phenyl-amine and quinone diimine functions 
on the chain and branches (see Scheme 2). 
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Again, the anchoring BF2
+ fragments onto azophenine has proved an efficient way to improve the 
rigidity of azophenine. Despite the absence of the sought phosphorescence, the fluorescence was 
more intense with longer excited state lifetimes. This result is a major progress in the field of 
polyaniline. It will certainly be exploited. 
Because the thesis introduced the large interest in finding new materials for polymer-based solar 
cells (i.e. bulk heterojunction solar cells), the antenna effect was investigated (i.e. singlet and triplet 
energy transfers). Unfortunately, the truxene turned out to be a poor energy donor as the rates of 
triplet energy transfer were slow. Consequently, in the case that one would like to improve the 
light harvesting of a thin layer of the new polymer, dyes can be branched onto the polymer chain. 
It is therefore imperative that, here singlet-singlet, energy transfer be very efficient. In this work, 
classic dyes were employed, Bodipy and zinc(II)porphyrin. The rates turned out to be fast (1011 s-
1), fast enough to populate the CT singlet excited state of azophenine (i.e. the excited state lifetime 
of this singlet CT state of azophenine is also in the same time scale). The main reason for this 
positive outcome is the large extinction coefficient of the dyes employed to serve as antenna (i.e. 
large J-integrals). The take-home message in this thesis is that the four pendent arms baring the 
ethynyl bridge secure conjugation and a good electronic communication with the central 
azophenine. Consequently, in the design of modified emeraldine base, the use of antenne 
containing dyes conjugated to the central main chain should be appropriate for solar cell 
applications. 
In conclusion, the work presented in this thesis on (the more soluble) azophenine provides avenues 
to increase the singlet excited state lifetimes of polyaniline (here emeralidine base) through easy 
structural modifications. The results show clearly that the conclusions extracted for azophenine 
could readily be applied to emeraldine (Chapter 2), thus these reported structural modifications 
could render polyaniline optically useful in solar cell devices. 
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S.; Hager, M. D.; Schubert, U. S., Poly (boron-dipyrromethene) A Redox-Active Polymer Class 
for Polymer Redox-Flow Batteries. Chem. Mater. 2016, 28 (10), 3401-3405. 
186. Lei, H.; Langlois, A.; Fortin, D.; Karsenti, P.-L.; Aly, S.; Harvey, P. D., Rendering the Cross-
conjugated Azophenine Derivatives Emissive to Probe the Silent Photophysical Properties of 
Emeraldine. Phys. Chem. Chem. Phys. 2017. 
187. Malval, J. P.; Morand, J. P.; Lapouyade, R.; Rettig, W.; Jonusauskas, G.; Oberlé, J.; 
Trieflinger, C.; Daub, J., Structural modelling of optical and electrochemical properties of 4-
aminodiphenylamines-optoelectronic studies on a polyaniline repeating unit. Photochem. 
Photobiol. Sci. 2004, 3 (10), 939-948. 
188. Li, F.; Yang, S. I.; Ciringh, Y.; Seth, J.; Martin, C. H.; Singh, D. L.; Kim, D.; Birge, R. R.; 
Bocian, D. F.; Holten, D., Design, synthesis, and photodynamics of light-harvesting arrays 
comprised of a porphyrin and one, two, or eight boron-dipyrrin accessory pigments. J. Am. Chem. 
Soc. 1998, 120 (39), 10001-10017. 
189. Langlois, A.; Camus, J.-M.; Karsenti, P.-L.; Guilard, R.; Harvey, P. D., Metal Dependence 
on the Bidirectionality and Reversibility of the Singlet Energy Transfer in Artificial Special Pair-
Containing Dyads. Inorg. Chem. 2017, 56 (5), 2506-2517. 
190. Langlois, A.; Harvey, P. D., Maple™-assisted calculations of the J-integral: a key parameter 
for the understanding of excited state energy transfer in porphyrins and other chromophores. J. 
Porphyr. Phthalocya 2014, 18 (08n09), 666-674. 
191. Wang, X.; Brisard, G.; Fortin, D.; Karsenti, P.-L.; Harvey, P. D., Push-Pull Porphyrin-
Containing Polymers: Materials Exhibiting Ultrafast Near-IR Photophysics. Macromolecules 
2015, 48 (19), 7024-7038. 
281 
 
192. Pereira, A. M.; Neves, M. G.; Cavaleiro, J. A.; Jeandon, C.; Gisselbrecht, J.-P.; Choua, S.; 
Ruppert, R., Diporphyrinylamines: synthesis and electrochemistry. Org. Lett. 2011, 13 (17), 4742-
4745. 
193. Wang, X.; Fortin, D.; Brisard, G.; Harvey, P. D., Electronic communication across N-linked 
unconjugated polymers: important insight into the charge transfer processes of polyaniline. Chem. 
Commun. 2014, 50 (3), 350-352. 
194. Xu, H.-J.; Bonnot, A.; Karsenti, P.-L.; Langlois, A.; Abdelhameed, M.; Barbe, J.-M.; Gros, 
C. P.; Harvey, P. D., Antenna effects in truxene-bridged BODIPY triarylzinc (II) porphyrin dyads: 
evidence for a dual Dexter-Förster mechanism. Dalton. Trans. 2014, 43 (22), 8219-8229. 
195. Gao, D.; Aly, S. M.; Karsenti, P.-L.; Brisard, G.; Harvey, P. D., Ultrafast energy and electron 
transfers in structurally well addressable BODIPY-porphyrin-fullerene polyads. Phys. Chem. 
Chem. Phys. 2017, 19 (4), 2926-2939. 
196. Haumesser, J.; Gisselbrecht, J.-P.; Karmazin-Brelot, L.; Bailly, C.; Weiss, J.; Ruppert, R., 
Synthesis and Electrochemical Studies of Porphyrin Dimers Linked by Metallocarbenes. 
Organometallics 2014, 33 (18), 4923-4930. 
197. Filatov, M. A.; Laquai, F.; Fortin, D.; Guilard, R.; Harvey, P. D., Strong donor–acceptor 
couplings in a special pair-antenna model. Chem. Commun. 2010, 46 (48), 9176-9178. 
198. Chen, Q.; Zhu, Y.-Z.; Fan, Q.-J.; Zhang, S.-C.; Zheng, J.-Y., Simple and Catalyst-Free 
Synthesis of meso-O-, -S-, and -C-Substituted Porphyrins. Org. Lett. 2014, 16 (6), 1590-1593. 
199. Bauernschmitt, R.; Ahlrichs, R., Treatment of electronic excitations within the adiabatic 
approximation of time dependent density functional theory. Chem. Phys. Lett. 1996, 256 (4), 454-
464. 
200. Lee, C.; Yang, W.; Parr, R. G., Development of the Colle-Salvetti correlation-energy formula 
into a functional of the electron density. Phys. Rev. B 1988, 37 (2), 785-789. 
201. Hohenberg, P.; Kohn, W., Inhomogeneous Electron Gas. Phys. Rev. 1964, 136 (3B), B864-
B871. 
202. Casida, M. E.; Jamorski, C.; Casida, K. C.; Salahub, D. R., Molecular excitation energies to 
high-lying bound states from time-dependent density-functional response theory: Characterization 
and correction of the time-dependent local density approximation ionization threshold. J. Chem. 
Phys. 1998, 108 (11), 4439-4449. 
282 
 
203. Becke, A. D., Density-functional thermochemistry. III. The role of exact exchange. J. Chem. 
Phys. 1993, 98 (7), 5648-5652. 
204. Miehlich, B.; Savin, A.; Stoll, H.; Preuss, H., Results obtained with the correlation energy 
density functionals of becke and Lee, Yang and Parr. Chem. Phys. Lett. 1989, 157 (3), 200-206. 
205. Salahub, D. R.; Zerner, M. C. In Challenge of d and f electrons, Chemical Congress of North 
America 1988: Toronto, Ont.), American Chemical Society: 1989. 
206. Parr, R. G.; Yang, W., Density-functional theory of atoms and molecules. Oxford university 
press: 1989; Vol. 16. 
207. Kohn, W.; Sham, L. J., Self-Consistent Equations Including Exchange and Correlation Effects. 
Phys. Rev. 1965, 140 (4A), A1133-A1138. 
208. Stratmann, R. E.; Scuseria, G. E.; Frisch, M. J., An efficient implementation of time-
dependent density-functional theory for the calculation of excitation energies of large molecules. 
J. Chem. Phys. 1998, 109 (19), 8218-8224. 
209. Pietro, W. J.; Francl, M. M.; Hehre, W. J.; DeFrees, D. J.; Pople, J. A.; Binkley, J. S., Self-
consistent molecular orbital methods. 24. Supplemented small split-valence basis sets for second-
row elements. J. Am. Chem. Soc. 1982, 104 (19), 5039-5048. 
210. Gordon, M. S.; Binkley, J. S.; Pople, J. A.; Pietro, W. J.; Hehre, W. J., Self-consistent 
molecular-orbital methods. 22. Small split-valence basis sets for second-row elements. J. Am. 
Chem. Soc. 1982, 104 (10), 2797-2803. 
211. Binkley, J. S.; Pople, J. A.; Hehre, W. J., Self-consistent molecular orbital methods. 21. Small 
split-valence basis sets for first-row elements. J. Am. Chem. Soc. 1980, 102 (3), 939-947. 
212. Dobbs, K. D.; Hehre, W. J., Molecular orbital theory of the properties of inorganic and 
organometallic compounds. 6. Extended basis sets for second-row transition metals. J. Comput. 
Chem. 1987, 8 (6), 880-893. 
213. Dobbs, K. D.; Hehre, W. J., Molecular orbital theory of the properties of inorganic and 
organometallic compounds 5. Extended basis sets for first-row transition metals. J. Comput. Chem. 
1987, 8 (6), 861-879. 
214. Dobbs, K. D.; Hehre, W. J., Molecular orbital theory of the properties of inorganic and 
organometallic compounds 4. Extended basis sets for third-and fourth-row, main-group elements. 
J. Comput. Chem. 1986, 7 (3), 359-378. 
283 
 
215. O'Boyle, N. M.; Tenderholt, A. L.; Langner, K. M., cclib: A library for package-independent 
computational chemistry algorithms. J. Comput. Chem. 2008, 29 (5), 839-845. 
216. Duan, C.; Huang, F.; Cao, Y., Recent development of push-pull conjugated polymers for 
bulk-heterojunction photovoltaics: rational design and fine tailoring of molecular structures. J. 
Mater. Chem. 2012, 22 (21), 10416-10434. 
217. Bucher, L.; Tanguy, L.; Fortin, D.; Desbois, N.; Harvey, P. D.; Sharma, G. D.; Gros, C. P., A 
Very Low Band Gap Diketopyrrolopyrrole-Porphyrin Conjugated Polymer. ChemPlusChem 2017, 
82 (4), 625-630. 
218. Zhao, S.; Wang, G.; Sun, Y.; Jiang, J.; Zhang, Y.; Wang, X., The Effect of Number of 
Porphyrin Polymer Units on Bandgap for ππ* Conjugation and Charge Transfer System Based on 
Simulation. JIOPM, 2017, 1-5. 
219. Grozema, F. C.; Houarner-Rassin, C.; Prins, P.; Siebbeles, L. D. A.; Anderson, H. L., 
Supramolecular Control of Charge Transport in Molecular Wires. J. Am. Chem. Soc. 2007, 129 
(44), 13370-13371. 
220. Chao, Y. H.; Jheng, J. F.; Wu, J. S.; Wu, K. Y.; Peng, H. H.; Tsai, M. C.; Wang, C. L.; Hsiao, 
Y. N.; Wang, C. L.; Lin, C. Y., Porphyrin-Incorporated 2D D-A Polymers with Over 8.5% Polymer 
Solar Cell Efficiency. Adv. Mater. 2014, 26 (30), 5205-5210. 
221. Kesters, J.; Verstappen, P.; Kelchtermans, M.; Lutsen, L.; Vanderzande, D.; Maes, W., 
Porphyrin-Based Bulk Heterojunction Organic Photovoltaics: The Rise of the Colors of Life. Adv. 
Energy Mater. 2015, 5 (13). 
222. Lamare, S.; Aly, S. M.; Fortin, D.; Harvey, P. D., Incorporation of zinc (ii) porphyrins in 
polyaniline in its perigraniline form leading to polymers with the lowest band gap. Chem. Commun. 
2011, 47 (39), 10942-10944. 
 
 
 
